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Chapter 1

THE NATURE OF FALLOUT

1.1 lackrund

On the 16th day of August in 1945 the first nuclear explosion, Shot Trinity,
wa detonated at Alamagordo, New Mexico. -The nuclear device was mounted on
a tower at a height of about 100 feet and the energy of the explosion was equiva-
lent to that of 19,000 tons of TNT. The explosion, as all nuclear explosions,
produced radioactive mntrr.alp ,ttt thmt A.•.. with cther materials engulfed by
the forces of the oxploslon. The product of the combination has been given the
name fallout,

From most nuclear explosions, fallout is In the physical form of particles.
After Shot Trinity some of these particles deposited on pastures and on the
backs of cows at some distance from the point of detonation, and the nuclear
radiations from the particles caused burn-like Injuries on the cows' backs.
Other than this the exposure had no ostensible influence on the life of the
animals or their offspring.

The incident, however, initiated interest and concern among some
scientlsts and engineers. Both the fate of radioactive substances produced in
nuclear explosions and the biologicrd consequences of their interaction with
living matter came under study.

In Operation Crossroads, in 1946, ships exposed to the effects of an
underwater nuclear detonation, were found to be contaminated with radioactive
substances, and milltary--oupecaldly Navy--interest in the fallout phenomenon
was aroused. The rosults of that txt iniltiated the rocognition of fallout as one
of the primary phenomena of nuclear exploslon; and one that could have a
profound influence on military operations using nuclear weapons.

The rooontlion and acceptanve of the implications of fallout on military
0,V'•P, onz, ,,wVr, wis at first limited to n rather small group of scienttlms,
engineers, and military people. Additional evidence and data on fallout were
obtained in subsequent test.s, especially in Operations GrOrenhou:e, and G :-ter=
Jangle In 1951 and In Upshot-Knothole in 1953. But it was not until the
detonation of Shot. Bravo in Operation Castle In 1954 that, general recognition of
the falliot phenomenon was established.

A



Two of the bettor-known Incidents that influenced (or forced) ;aih recog-
nition were the exposure of the Marshall Islanders on the Rongolap Atoll and of
the Japanese fisherman in their xoat at son to the radiations from fallout. But
even after the Shot Bravo experience there remained ai row who wanted to
believe that a "fluke" had occurred and that fallout wits not or military
signiflcnce.

Now, several years and many toet detonations later, there are no remain-
ing doubts about the production of fallout in nuclear explosions. Present
studies are directed to quantitative evaluation, of the degree to which fallout in
significant in the military applications of nuclear explosive. Thu. it is no
longer of interest simply to note that rodioactivc atoms are produced in nuclear
exploaionn. The problem is to determine the quantity of the radlioucHve anonis
produced, whet physical processes they are subjected to, where they go, and
how their disposition may affcct the op'rations and the l.... of people.

Because fallout contains radioactive atoms, andi Ibcuse radioactive atom s
omit nuclear radiations that can cause damage in the cells of living tissues, tViv
presence of fallout in the environment is usually equated with a lIxtential radilo-
logical hazard to living matter. The core of the present-day interest in fallout,
therefore, consists of evaluating the biological consequences to humans, animals,
and plants of the exposure to nuclear radiations from farllout.

The degree and nature of ponsible exieslurus of living matter to nuclear
radiation depend upon many physical I:arineters and these begin with thie
Initial production of the fallout in it nuclear exploslon, The nature of the
exposure is more fundamentally connected with physical Iprocsses than is the
degree of the exposure. In terms of degree, it is known that possible radiation
exposures would be highest, and therefore the biological consequences most
severe, for nuclear explosivem used In it Iarge.-senlo war, 'l'Thin degree of
exposure is of concern to many,

After the fallout In in an envlronnient, the degree of this radiological
hazard can lie monsurod. But the kind nn:! amount of harnrd in a ncliar war
situation, at leasnt before the fact, cannot he evaluated without It reC.son•iily
detailed description of the history of the radioactive atoms produced An nuclenr
oxlodion. Such n history, to be usefrl, muest reveal the essentlal details or the
physical procemses In which the rndionotive atoms participate, from the instant
they are formed up to any desired later time.

The major purpose of thin report. therefore, is to outline and discuss
these physical processes and the important parameters on which they depend.
The data, data nnalyse., data correlation schemes, and discussions presented
here are organized to emphasize basic principles so that an appropriate
methodology can be applied in evolunting the radiological ennsequonces of
nuclear war.



1.2 A Qonrg Dosorintion or ralout

An exploslon of any i;ind, detonatod near the surface or the earth, causes
material to be thrown up or drawn Into i chimney of hot rising games aind raised
aloft, In a nuclear explouion, two important processes occur: (1) radionotive
elements, which are produced and vaporized in the process, condense into or
on this materiall and (2) a large amount of non-rtlloactive m"tterial, rises
thousands of feet into the air before the small particles begin to fail back, This
permits the winds to scatter them over la1'9ge areas of the earth's surface. Thus,
when the pcirt!cles reach the surface of the earth they are far from their place
of origin and contain, within or on theli surface, radioactive elements. Whether
they are solid particles produced from P1'il minerals, or liquid (salt-containing)
particles produced from sen water, they are cnlled fallout.

The composition of fallout can he dlscribed In termb of two or three
componentr, One is the inactive carrier; this consists of the onvironmental
material at the location of the detonation and is the major comlunmnt In ,i ner-
surface detonation, The second component includes all the radioactivo elements
in the fallout.

Those radioactive elements cnn he Brihclssificd hnto two grotUps by
source. The first group contains the fission-product elements that are producied
In the fission process that initiates the explosion. The sco(nd group von"t.We
of the elements produced by the capture of neutrons released in both iinion
and fusion. The kinds and amounts of theme neutron-induced radioactive
elements in the fallout differ from one detonation to another depending ulxp tho
type of weapon used and the chemical elements in the environment at the I-mint
of dletonation,

Occasionally, a third fallout comixonent group is consdlered, This
consists of the bomb's structuratl materials and In a major comIx)n'ent In air-
burst fallout,

Thu word fallout IN ocrtalonalt!y precedc:! by "close-in" (or "local") and
"long-range" (or "world-wide"). Those terms have never boon precisely defined
except for operational ipurpnm, , The terms Imply some arbitrary differtentia-
tion of the fallout, or the radioactivity, on the basih of distance from the point
of detonation or time required for the mnteritl to fall to the earth's surface,
However, as Is discussed in the following chapters, the graduatl chnnges in the
properties of the fallout with distance make precise definition of these terms
Impossible, except for the extremen of each fallout clnoutflcation, Therefore,
except for these extreme cases, these descriptions are not used further as
definitive terms In discussing the nature and properties of fallout,



1.3 ChagtrietrlI tip Tyna. 2*f E~1lout

The oharnoterintio typon of fallout aro determinod by thu onvirontnent lit
the point of detonation, They are gonerally clannifiod itsi being either land, 1soa
water, harbor, or air fallout,

The major component of the ftillout, from dotornationa near the xurface of
land In tho noil partfolam. Tn dotonationm near the surface of tho oceain the
major componeont In the men water residuety (malts and writer). The fallout from
detonation,, in harbors, riverm, and shallow lakes may contain ninterinlm from
the bottom am well am water and/or spa writer sialts; the relative nimounts of
each depend on the depth of the waiter, thie height or depth of the burst, aind the
energy rcsrnased during the explonaiu2I

From an air burst (riot nevar the surface of !he enrth) the major faillout
component Is the structural maiterialm, much am iron rind uulurninuim, Lite., of the
bomib or missilo war heand, When the massi of these mitterIals It- not too lar1ge,
and when It In all vaiporizedi, only very small fallout particles a,.., lorme'o. T'jr'
properties of air burst fallout ares thome most often niisoctated with the termH
long-range or world-wide.

rhe fallout from the near-surfncci bursts consists of lairge pairticles that
fall rapidly to the earth; theme fallout types result in much higher deposit
densities than those from the air burnt. Blecaiuse of' thist large difference in
fallout deposit density and the nssociated radiologicail hazard, only thle firsit
three characteristic types of fallout (land, men, atnd harbor) are discussed [11
length In the following chaipters,

1.4 Potentlial llarnr'um from Irallout,

Tho potential havardsm from faillout nra mentioned briefly hure to identtify
them, to Indicate thoir relationship with physicail quaritities that can he
meastured, andi to ormphapilro 14ho fart that interest, in knowledlgo ithout fallout has
boon nroused mainly bounuso of thesev hazrirdm,

The radinactive Plemonts within or on the surface of the fallout partioloes
omit gamma and X-ray. nnd/or beta or alpha patrtile.o. The gamma and
X-ray. are the iame oexept that the gamma rays arc more energetic; they are
often termed the penetrating or long-range radiation, because gamma and
X-raym travel long dintrincom In air and in other low-donsity materinals, The
bet-a and alpha particles are oftan termed short-range radiationsi becaume they
don not trnavl very far even in air and are stopped by small thicknesses of more
dense material. Of the twvo, the 1a1lpha particles nre tho easier to stop,



he Tho potential 1iar ird from the oihrvi, I yp or nitcia rt'immm'o l i 4 iL'll

ah npalilftty of tho (lifforont typom or mi'iiitioii to panvirnto miticilnl, hoth
living lnod lonnimnic, copocinhly whimilia11 rntllntivcilvi mouraco Ili not Ilii ttnIIfi(I0
with tho mntorini irrailinted. rhum, from fallout ptiJ'ticltI idepnlItcil ontil 11
ground, the Conmmo roy. anr the only onom omit tod I luit ann pone roteli hi rp
dipNtlabum Intol thliii butml body, The mh'o Irteri- rango I ict itu r elm-flolo (tnO linetirmt e
it ithort diattnoouieIto moiturIal whun thI r mourvo Is t ither Ini contriet wilth 1114
isurfnao or to p~art of thae motari n (Ixe, ti iiInternal meinrco) Ini genvi-ol , nolifhri
piirtlalou tire not n fitiloit ho mn id hoeriume Ihi'I(,, mphrt nmiP erm m Nor to eh clmely
(dluie utto o0 long-I iVL'd,

The gnmmnrh roym, than, canNtimitvI tift n textaroil tlinzard; tlhe I l pu etI le('N
are often tormod a contact and tin interonil hazordi and t he iiipho ritym c'onmctlint
an Internal han~ard, If tiny. Runt mIc till(th nhltior sou0rce of nitpho o t feNIll
fallout fit from the clacay or unrariuted roIniior p1 itloniiilm, whl eh olre 'ervi
lonng-l ivedi radionuclitivit, thle :il pho-partvIv ie nzard itt negliIgibl 1)1'eilml-It ei
with that of the goni mond wil elt nrnym tteri ,ve fromi othter d'I1lI" *Iei.i14
"oince the ut pha-part~f ici mzorct, I m not 'tNdri fitti,

Thu two radiloCtIve ('111miNioNl th~i olre of, Colncern Ill 1thiiuil * torl'iorc,.
tire the gonmmit radfittlonm (I nchiintl Iig U 1 e IM) On (-i Nt P iiIiil 411T (I( f
linarnid, und the befta pttrt (IIHli'NtM 11 eonil itt or' 1111.1i1111ol lotrc (If' h111ilvor.
The mlgniflettilce of thiN dlr'nltion betweI'nI hel two typem ofi riidilliotlom am
lino~nrdI murace in ditlctianur Ii ci', u-hilptvrM. toInt types(1'M of roitl onelo ise(111m
Injury to 1livi ng orgmolnim 14 y pailtl-od-Ig folizii vl on iiiong their1 1111t1 tiN ii 'nigh
living lIimilvu. Ini othei- r Wi'(l, Ili he ly nii*'N or lieti 1t2I('N I r v~i, ' eivrgy to I lit
c'otetronm of tlie ittomm Ili tilit, motei iii I hely pei' it'lev .I'll I v . T'hIm e' tli
elvectronI4 in tanya Iliti'li olrbit 1 lit'tuiid the( linelvim (if thev otoolmil t hilltin' tttunil
Ine on, fyov iht lIni nit, pom I jt)4i ycht t

A opectfieiI nmonni (If (.'hIViY IN I'et(il red( III IOIIIi 111 till ittii tll: ol I'vi'i
Inn poi'i formed by I, tii pri.mlng or' i goiimu r or i'OV'1'!'itp'tiet n111104 lIvI 1 lotoni,
the roy or ptirtlicl 1011110111 eqll Vl enJjI tjj 111mon lit (if Ultq I i'gy * 'i't l inloitlit Ili not
the manme for ohI iiil i eertr vntn ii ilwrgv et til ii't1114 IW 14)1 j~A'jj
oin Mtom diffors fromn onie owi'tiiicl ~i'li.'mil to lititnihet' Thev io'ig'Ii'ti INillvh
tuffim nmuitl. far memiNtiri ng the t'tieigy lilnhtorhiII'm mril gIIIIII mmilni X -roys Ill
Mir. The viiluo of thei I, unit Im IIII.tni~ on the ener'lgy r'toIII-id in tonv m Ii iv~
nitrogen mill oxygen rtomm of Or' to form, Ini nilc' enhiv cenI meII(tld' oif oill Ill
9111it1dilrdt annfiitioflx, oni ptili' nl lons, Bly thisdoittilt on, thet 1 mi ll IN
vepilviilmnt to the nlimorptlnn of obouti 147 ei'gm of vmwegy por gritmi of iiir.

Hinlev thINimo mihe i'V, im det'lioiii'ti o the mINIMl of 10h' 1111Aintl Io ti, It
aittinnot hVIt' itlotall~ to the fluiiiiie of 'milndtIoietv ittromm thitt emnit gntiimii moy

unum hoth lith eneirgy of tiii riiym ro RN Ing IllIi 'igh it gIvue ti 'oll time or 1iltv miild
til geometriIc configuratonoii ol'Iv he niitt i g Nourec'm it~ einiowin. ''e
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M"'muo 'ivi .'M . Ali eximip pi OsI w val m'Ui iloll AllI' I he fill, iuiil I 111l n I 'lloB at i'H

threle feel nlwivr' fi lnfi'i~tv Nimuisofl pinne onvo red with it un Ifu~im elisi rlibt ion
or fusliont profduitoi,' *

The air conlsatlton rotoi lit rovoit~ons pair hour, in often ouellodu iho
intenatty, or the radiation Intunitity, Mihen used, thosel teorm" Alwit'y refet' IA)

thOpanItkylp of fl' i [ir lonisatio)n rl~h".n Antither term tift n uei snos
ratoi however, this one iN more proq'I6 ,iy namoolatted with ilia rato or onergy
abstirptlan, from tho radiallona, In, ivIlng tiumus rather than In air, minde dose
rate hami a biological connotation, In coimmon umago, the throe lerma 6irtehnity,
radlaltloi" Intanslty, find Minse ~nle) nre tuned Interohnneaoulyu whun thitir units
are r per hour, they Itro !In fact, air loninution'rates.

The total amoinit of energy absorbed Iin a volume of air tivor a periodi of
- -timc- io-thur r4liitUn d4or Whan thec accumuleitud air lotlixtialn rnlte Il U.

the dmeQ) IN assoolataed With biological hamard from An unmodified fallout
deposit, the rostriativa (arms, potential doso or 6xplosure dose aire oftarn uued..
such unD actually involvam'two restriotive conoopts or auaumputonw, The
first IN that "Imi dose Ii. the tota amount (if air lonlination. per "nit volumue$
that af person or object to exp~osd In by ataying in. the afteotfiad location
for the length of lime that the stated energy Is being absorbed by the air, The

___ uguaid ioeupt lu that theo done, or the. energy ahobadr i-ythe-air, IN propor-4
tional to the amounit of energy absorbed by theiporitn or object,

The term P, do..,l potqntia~l domesf or exposur'e dofip are used only In
reference to th i-inxtih nthe folloIwingi ohpeu--While the hiologle!Mi
Offecot of a radinatin does are 0oWledsthe soapo of this diseonsmian, arbitrarv
values of doomerln ts are used ocaaalonallyl, Chey jltis itrsto the methodology
that cnn ho tmead Ii, solve Okpoeure-oongiro problemsa,

The dome-limit values used inthareport are selected on the boela of
Assumed relations. between air'lonhz~tion domes and biological afftiota,- hs
selecUono, when appilicabl, include the concotAintht mome b~oloogical effects

ýhave a threshold dome while others do not, anti Ut._hat, Cheiudohain is abworbutl
Innaarie oftime, the biologtral r Olt, (Ilse itle'M I due p__

toIfndlyreai (~t lmust damaged du~ring the 9spopuroe,

*Referenoee are tinted at tho enl (if each ohaiptr.



'100 loi mmn I vnI101 tiv emul Iti (him, flu i ni ImI l I-Ily 4 I'it timni111ly' dotfillud( III
Iri'etm of I hv uilwrgy ihmqniOwd icy Ili ho re nimtin of liii. ii onmm oiP nio~nluvoaltooI
limmnue, Mince t he hui nporlivivr (n notou poneutrfl o vvvy 1evr lniin thi ti autvc
tho dmon from betti u'mlttarx on the urfnou of tlime, miuuh PPm tho Akin, Im

t obodeorilwd Inrgaly In Iltw mkinim outer Ilyarms 11pnuouv of the vomplivallad
manner In whivih tho unurgy of the butte portioloa.114 dl~ImIrhutod, there In no
uimple mathod for oxtimnting thouonurgy ahorbodl III wirlonu hihcknonsaa nf
a tla~uu. having ii dopoalt of a mlixtiire of rndlonotivo ntomn on Ito surface,
Evan when tho rt'dlonotivo ritmarnro reuniformly flint ilciabod through it tissue,
nx ayUU ho Ihn anxiiE rn Moverid Ingented radlo-o1ornontp., the, mothoils for
vstieintin6, the pb,.nmrlcd domoo tro fntfrly complicated? 111 thla cuaa,ý the ratou

of noocumulation in, and ullmlnetion front, tho tissua moot Miaoho oonaldered,
In moat of ilia rollout conditions docricured In thD following chaptersu,

tha hoto radiation axpopturs turn. out to be the loon dominant (tillout houurd,
- ~Howovor, oome times and attuationa where beta radiation Pan bo a significanit

hnaurd ate cliauuaed.

Tho mnn I mmadiatv lenaurd-from. tAllout~whan it arrivoll on the ourface,
on tho earth nfter t njualear axplooton im due- to the gammnor panatritiflg,
radiation. Thoso nuclear rndintions cnn travel long diutenoom, and their
summed, or intogrnted, Intensity oomplately domInatosi tho. i'dintion Wosrd,
rhna to the onoa even far persons or objects cofitiminated With fe0li%

particle#, since the contribution of the beta partiolesi to the expomuro domeise to____
only from Illumoiwprtlaloui that ftro deposited on expooed (Ipauto.

The ingention of radionuclides fromi fallout over o, long period of time,
however, becomes the predominonnt hixard Rftgr Apeodftie The magni-

-- , tuo ofThuintenalhazard-dcpendu on thu f~llout's chamical nature, which
tiniquoly determine. both-thi availability of the radionuclidelu for tingettion

and the -poriod of their retention In livin tiasue,

XIauutltion of the huaardo-fronm-Milout to thAt-. tho nocommnry, dogro- of-
protection from ilia nueloor radtationx P an ho opooltiud vuquirem knowlad.ge

- -- - -t-ho-4h rtricuimuiionr-ato-daoruamou-with t~mo, Thv intagral, oi--_ - _

Acoctluinteil, dome Ia determined from a ourve giving the varliltom of the itir
tonliantion rPnto with (inie, on~d, untin acmeo value of the doxe Io known to
Produve undoolirlhtu hiviolutiol uffouNitaho rutio of the twon lit uxO to dtottrmIiflC
ilhe domivod prnotwtlnn. fooor tF olithpo n mternfty p-ronsidure' or radflotgicald-

L - (,lof'onao coutnturoIcnMLire, or both.

7
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fi re' ,i'otiec oil 'rhop io t -eooeght d'PhIevo~uy ocne to tho lioxt uentil fi nailly
A isiiigo namble nupIleido Is foirnmil. hIt' l~iv ofy n( III hueXII- ouxiicf 1,'ei11 ofill illiflog
an~n Ixi talculatoci from (n) the Inhillni yiout of Clhp nuaclIniru in onlh nmaca chaln,
(b) the half-~life (of each mnulifric and ((I) the nirnnrinnov of the gamma rays pro-
ducod when each nualido decany. The detrillia(if soueh talonlittimns it MhONO are
dimoeuauel In Chapter R,

in it nuclear detonation. the fission prodiucts fire Initially vaporlaed;
they condense later as the Cfireliall cools. Of the approxim~atly 40 Plements
present, some arg volatile aiw not usually Kit c~oncienssc statoe ven at
ardinary tomjoareituves. Rome elements arek ref riutory i4nd owndanisi at h"igh
temperatures, 'rho romainder corndense RIin Interdiate tmomiraturop.

B~ecause there is sUCh a tarpg range In the thermal ostability or-the
condensiates of the fisgion-proeuaot radlonool Idfa, the norm~al abundance ration
Of the fission-product ra~dlonuatidem In faillout. ire altered, It is found that,
in thee larger fallout particles, the relative Concentration of thio voltile
radioiiuclidee (and their daughters.) is low anti that thiio-onaentratinn of the
IMore refractory ra-dinnu~lidso is high. Any such altei~tion in,ýhe aitWcanae
ratioo of the fiui~on products, relaitive to the origina,1 fipsion-yield abundance
ration.1is called fractionation, In most types of fai rith sision-produat
rittionuolides are found to be fratontIPed.

Neutron-induced, activities areailsonround In fallout. These indueed
activities ar'e produced b~r tieutron capturs in matersials present in the weapon
Itself and in other environnmental matertial, at, thii point of dtonrAtion. Perhaps
t14g most, impoetAnt of the iftod'aedctivitlem arp, t ¶oue produaed, by neutron

apuein the elements of thM weitpon's oonstt'uailop mainfllals Thsos induosed
activtives result from nuutron activation of uranium-288S iron, mangavisooe
and other construction matterial. -in @oil amd .n walWiter Ima~angalem and sodium F
avo perhiffp the most likely elements to~ be neutron-iaetivated in-highest
abundance,

The mroosin decny, or varlition In aifr ioni~ation Mae 'with time, of the
- -- ~~nuacsl fitra laono from fallot iitu mo h ontri Meon of all the

Iradiponuclidus present In the radliation, source, Thum.* to opeaifty or even to
'esatimato the graii (loony rate of the radioactivily in fallout, both -fronrtionation
find nelutroni-induried rndtivifle mat lie unnsirieved
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TI'li. torn) 1Nk ndnHi h~luility In d l'i,,id hort' nis the rnmgnItude of thr ntir
loitialvton itt AII~ thut I fllltI n1001, IJVom fit 'tioluI uoln itrell coverod with rn Ilout,
ujarroetdx to it atatmi timo tifter dati~nultlow i'oivontloatully tho otatud i tImo In
ono Iour, This rofare'nvo-tinie originintari when tho "nominlnu'deton'ation yield
Of nu0oloa wOUpoINa W41 20 khlutonm'W(K'r,' awnd whan (itoi on fotlout were
availaible only for sivi~ll-yieldt woalxons, Pinan for muoh yield. the fallout process
wos ommentially complete by one houg, after detonation. at leasnt In krona receiving
aignifivant atnounto of fallout. Of courne1 the heavy dopooltion of follout fron..
magatah (M) yield explosions is not complete even nfter P-overall hourn, In
much canon, the obsorved radiation Intensity att one hour after detonatilon is not
the sme. am that calculated from a mieasurement of the Intensity after the fallout
coanmom to arrive and must he decay-corrected to. one hour after dotonation

Ilie sttind-srd intonoity values are used In construct Ing rha11rtil of areas an
whic falouthasbee-depooited. A-vbart- showing ai fallou a~iern ounairnta of

a series of Isointenalty contours. These contours are not lijiwm of equal
Potential harnard until after the fallout h~m ocamed to arrive at the farthest down-
wind locaution onk A given oontour. The charts are very omeful, however, in
ovalusiting-tho area-coverage of fallout with regard to both the potential radiation
hanard, and the kinds of protection needed to reduce that harnard to it desired level,

Tho determination of the standard Intonmitlum raquire. muasurements of
the. intonaity j over time, at a series of locations durinig and after the fallout is
deposited i. nd, tn addition, Measurements of tho lonlrnation rate, over time,
on samples collected when the fallout first starts to arrive, A hoM~ly shieltide-
dateotor ii r'equirod forth lb., lttior. Houwever, for louations where tha fallout
aglrival time -tir gibtto tha~n on hour, correcting the obtglned datak to the
conventional time of one hour requires a deoms'-aovructtt~n factor for-tho poriod
between, the' time of the'firot tritaourememn aiW the standazd timie of one hourt
Moamuremeiqto of the intansity over area. covered with fallout pirtialole, the
aentasminitetl areas, have- been. mods, inrmoul oasmtmý with portable ton chambers,
The poracy of the motosronen~ts made With miost of the presently available
portahlo-Inutrumentu in not very highl however, if the Ion ohambners are kept
in-exasellent repair, aro cirefully hMnOe, and are -kept o#libratad monurnoics

The intensity due to the fallout partiolcii depend,% on (a) tho number or
memo of the partioles (lapoxlte; par unit murface itrei, and (Ii) the opecific
aetlvjty,Iý 7or anne li'aton, of the ractionuoldmi h prie T ructho
Intensity of the. falluut from a land dvtonation by intention, either-tho Pptaluolo
* iuot be moved away from tho loca~tion of intoriire, or ahleld~ng must he placidr
between the pitrticilem and the location of Intoroal,



Moving th(J pnrAillium uffihiuntly and ofkt'Ovtly rtwnuirem Nome knowledge
of the prolpmrtloo or thu porticluox nlao, the rmaoval prooodure or decontami-
nation iwithod must be doxllined to remove fallout partiole,. livoaun of these
re!uirementu on the performnnce of decontmmination methods, relationships
tor needed among (a) the mamw of the purtiolw, per unit area (b) their Npeolfic

activity, and (c) their ralation intensity, Suoh relationlhips Are extromely
usmiful, hecause intensity meouurementu, which are *say to make, can then be
umed to deduce the fallout propertioe that Influence decontamination,

71ja-o relatiuu~lhiip betwfen the riallation Intensity ald the rmlatwd
fallout p'opertles are caalld contour ratiosl they are disoussed in-detail In
Chapter 0, The values of theos ratio#, and the mathematloal form of the
relationehipu among.,,heae ratiom and the .other parameters, depend on two

.major hators, One Is the type of chemical syetem produced under the given
oondition. of tomperatu re, presurr, and vonaentrationf of various constituent
element, in the- fireball. The other factor Is the manner In which the partiales
b@o= distributed, both In the formitng -ioud-Fid thn r rfll through tho
atmalphere back to oarth.

Definition of the chemical systems formed in;.thne prooealen, a well
ai of the chemical systems formed when the fallout psrtioles contaminate
surfAeo., Ix important in deviling appropriate decontamination procedures- -
To be ulaiel, such prooedure.: must be designed to operate on any chemical
aystemn that contain radioaotive subltancee,

1 0
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IFORMATION OF FALLOUT PARTICLMU

LZ,1 G .r~ Jn_~••L ~ t

The process of radioactive fallout formation is initiated when fissile
material undergoes fhielon. In each fission event,.ibout 200 million electron
volts (Mev) of energy are released; alto, two, noutron-rich radioactive elements,
or particleo, plus two to four or five neutrons, and several gamma rays are
producedL-tf-the resulting two particles carried all the releamed energy before
colliding with another atom, theaverage initial energy would aorrespond to a
kinetic temperature of about lul degrees Kelvin (' K).

The released energy is initially in the form of electromagnetic and
kinetic energy whose immediate and rapid transmiselon to nearby surrounding
materilsacauces the latter to vaporize at high pressure, Thum when many
fission events occur in a small volume in a short .period of time a high-premcure
shock wave forms and a nuclear explosion results,

The two fluioon-produat atoms formed from a heavy-slement atom
contain more neutrons than do stable elements having the same atomic mai,
T]herefotre the initial [itmion-product atom. proaremp to mtabllitytby emitting

beta particles and/or neutrons, This beta docay of, many of the fission..
product rAdlonuclides results in hlo simultaneous ifisAme of,(!amma raye.,,
Also, the capture of neutrons by nearby atoms results In the" release of gi(mma
rays, At detonation, thernfore, the pmma ray pulse includes gamma rays •,
from (a)the flsion reaction itmelf, (6) neutron oapture by elements in the
surrounding media, and (a) the decay of fission products,

In the so-called fusion, or thermonucleipr, weaponis, the high tmpermrture
oruatidWy the flissin pi•soen is utflized to fumse the light elemint# i-uoh a .
deuterium, tritium, and lithium, In this combining of the lightsr eloments to
form helium or:other -heavier nuclei, Additional energy Mod neutrons Are
released, Ouch neutrons, having higher energies- than those produced by fission.,
are able to oauee the flision of uranium--18 or, when o'ptufod by the nauc!e of
other elements near the explojiLyk,.• • atume tha latter elements to become
raclloactive,



Am tha thurmul nnrl Nhrrnc wnvom trnwtil outword from 010 dtfitoneattofl Point-
the matorlnlk onvolnoptd itro nlmo hotited t~o high tempornturoosi oryatal bonds
nrn hr~nIn, cihomlotti nompountim arei deooi npomd, moleaulea dimponiinte, and
atomsi heoorne thermally lonivod, Tho result Ix the highly luminous memo of
gaseoum maetrial oalled the fireball.

Thin transfer of energy by the shook, wave and rpadint processes to these
material. and to other substanoes occurs at the oxpense of the Initial energy
of th@ Nision fragmantai their kinetic temperature fWll extremely Nout, bjy
ciollimlon witlh other atoms, ams they diffuse outward from the center of the ex-
plomion. The rot@ at which the energy to transferred to the materials being
enveloped by the expanding ifireball Alma decreases rapidly am the thermal
exhange proceeds, and am the temperature of the materials on the, interior of t~he
gam volume daareases. Am the temperature decreames, positive -Iona regain
thoir electrons and-become atoima, ktoms recombine to 'fom molecules,
mnlo~lecl condensm to form liquid droplets, and, finally, when the temperature
1. lolow-snough, the dropleto solidify.

In the cooling of the fireball the Important atgag in the formation of fall-
out begins wi~th-the Utio and temperature gt which the first ltq~d drops.form,
This for Imation prooeum continues until after the materiA aImnvolved hays cooled
to,,about -the temperature of the surrounding air, While the# condensing pirocess
'probably never Actually* ceamem, such a large fraction of tho radioactive and
'other elements have condensed by About five to ten minutes after detonation
-that the procemm is essentially com~pletel

The highest firebal tolMperature to be considered hin the formation of
fallout is tile opIling point of the most rofracoto~ry material. present in sufficient
quantitily to forth A macroucopia liquid phane, ror most material0 'this teM-
perature to between 8000 and 4000%,

Uythe timte the fireball temperature cools to 3000 ork4000KI it has risen
some height Into-the air and, for near-morface bureta, crater materials con-
oot~ing of liquid~and/or solid soil particles have entered the fireball. At. first
mcmme of theme Arm melted and vapori mod 1,Am the gam temoperature decreases,

----fuwor and-tmwer nt-the orater material pArtialom Kre melted, until finally thuse
that Actually reach the iltitude. of thN rising oloud are only slightly warmed,
The-melted-patrtioles dimeotve,-aggregate, and occlude the smaller vapor-
condensedi particles 'formed by direct vapor condensAtion even before the mass
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of' lur~or parti•clo ontarx tho fLrbho.l!,* Wiothoer noltd or Atiold, tho Intoring
p)ul'l~O~loi pro5' t lint, t09,'ramoly ilairgo 1ii fotlt of SUI'fI c(, 1it rout ilpoil wllic01 the
gam uttom or moInloxwins uI (on(lnicnlo.,

'l'hero o n oeevoral basic churt'•h trimflo of thn fallout formation process
in the developing firebAll, The firmt Is that, of the flision products alone, about
40 different radiotactve elements are produced In a given yield, or order of
abundanioe, that results In a met of partial preesures of vaporiaed species whose
values are Initially ranked In the same order an the abundanoe values, The
second characterlstic Im that the chemical reactivity and the uquIllbrium vapur
pressure of each element in the fireball differ frotm those of the other elements;
thus the fraction or each element In a condensed state at a given temperature Is
also different from the fractions ofthe other elements,

The third characteriotio is the presence of Inert (nonRadionative) sub-
antnosel those furnish either (a) an available surfaae area that the dilute vapors
can oondonee off or Inter'act with, or (b) R dense vapor that condenses to form a

rofiaoeuplu liquid phase with: which the less abundant radlioatlive elemento can
Interact, The role of the oondensatlon prooess, bothh in fallout formation and in
fractionation, is discussed in detail later in this ohapter, Condensation is one
of several causes of observed fractionation in fUllout.

An example of the donse-viapor oondensation process Is a, detonation on
sea water, In this type of detonation many of' the fleolon-product elements
conrunms, along with the bomb caning.materis4 and the salts, before the water
does, but the fisslon-produot elements are occuluded or dissolved by the water
when it condenses, Such Inert mrkials, that serve to carry the radioactive
elements- ack-to-e-r-th, are called the oarrioe or the uarrior materials,

The amount of each radioaotive element that Is a•otually round in fallout,
felative to some standard of measure, depends on five main faotor*

1, The originil, fission yields, that is, the relative abundance of
the fisslion productso

*A moro'cmp-lete general daluripfiln of theftraibwltid it. behavior Im given
in lb tf l.g (demignatod K1fW hereafter), Certain data
from that volume are utliz#d her'ej generally theme are vonfined to Input
Information required to desoribe the fallout formation prooea4, DAt oh the
elostemperature, and positlon of the fireball are important in estimating Its
energy content, and in establishing an appropriate standard reference time for
estimating fireball paramneterr. for diffe•rent nuclear yields,



m
,Tho vaptura of noutrons 4y mIl lr'mion produaot themuaolvw;

'1, 'ho (logrov to whib uch flidson product •nodanomm Into or

onto tho carrler partiole.I

4. The neutron emimsiona in the deaay ohalnI itnd

5, The rAdiooheimcal mtandards used In meaeuring the relative
•bundanoes of the f(umion•produo'm,

The r!ati.ve Gabupdanoo of eouoh fission product element originally pro-
duced at detonation depends on the fleeile material usedi i.e,, whether the
material ti U-285, U-08b, Pu-28,, or some other substanoe The filuion-chain
yields also depend on the energy mpeotiurn of the incident neutrons,

In general, in the ohangs of energy of the inoident neutrons, the inmlaon
yields of the nuclides In the lighter-maox. (A PR g0 to 100) peak tend to shift
more with maui num or thati do thema in the heavier-mass (A u 181 to 144)
peak In the fission of the heavier fisaile elements, the center of the lighter-
mass group moves toward the higher-ma.. nulhborn, As the in•eident-neutron
energy increases, the yields of the mase.ohaIni that appear in the valley
betwen the two yield peaks rims .arid the yields of the highhut- and lowest-ma-AI.
numbers also rise I also, the neutron yield per fission inoeaue, *This Increase
in neutron yield per fission tends to spread t~e two peaks farther apart and,
again, the lighter-mu.o group Is shifted more than the heavy-masa group.

Neutron uapture by the fission-produot elements results in q Omnerel
shift of the whole fineion-yield curva to the higher-maus number,, This
aofuseq a deoreame In the yields of the elements of both mass groups that have
t~1, smaller mase numbers (the left sides of the peak!), au.l,an Increase in. the
,|elds of the elomenta f both mam groutps that have larger'mass numbers,' In

itie-yild, of'the-elemstus In the peaks relatively little change results exoept
iar those e11omentm thai have extremely high neutron -capture cross -sections,
The subjeot Is not diaeusned further becaume of Innufflent data.

uving the decay process, n•utroti eimission remslts in a product nualide
that ham a mamne.umber-that ia-a oingle unit lonu than Ito parent," this chin '
"shift" can be Accounted for if the decay saheme of the radionualide to known,
For many of the short-lived radionuclidem, howover, there isie nnmufleant dAta.
proesntly available for gi-ng urther consideration to deooy by-neutron ornia-
nion,

The experimental measure of fraotionation Is most often given as an
"1R' factor, or "R" value, that in reirAtivo to the fission yields in the thermal-
neutron fission of U-2985 and of a seleotod radionuclide. The most commonly
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M4 oeiotue I'ellEOi~lowelk ICo r (Ioii' 00019 11 1 i diii Mo-0 -tll Ilowtio r VII rl dio I1 (110Ch'14~1 Iva
o11MIIy of II ftillout, Nuolnplo I'hintt KIf1 vu 1 11 Itvalkiu diffeo root I'rofl m enty flo hllnnt
1tw murtONs irIly 111 in01111.te thU 1(( II IIlii In B I LINtion 1111Mi III Illot, ho nI 40 i'u iivIA11iii 141(

with raspout to nomo other nuiwllht or oIleomnt, Thn trull Ilitilei"I fiNloll 'y lotiu
:rrwht lio known. 1.10111 to vorruot tho nilmurved itmmuy dtlitt awl, to d(Iternl'fnol
whathor froottanatinn hnti, Iin fout, ovourrod,

2, ia&i ipi Y1 laida fUir thu Flag teon of U-28I.jo, ij~-I

One major factor that determiniN the amount ot' a fission protfilt 0th1t
pondensep with the 0carrier Up to R ilvon tiin* and temp. retUrV 1ito fioi
of that element promont In ouch of tho masm chains., In this anotion, data'oi tho
flision-miasm ysilds unr aummariaud,'and anti Moto of undotermined yfol1 li w
Are promontod, no. that onloulations of the, fraction6 of tho, f (ssion producto thaut
aondongii to fr~m fallout may be macta.

The Independent Yields ot All rudlonuolidos, ter thinr ma I..nuffitroii fission
of U-111111, have -beon catlculated by SoileNn and Rallote, eicuording to tho thootiow
of independent fission yiakts of Olandonhint aid of Prouonti4 Tho irnational
ohnin. y~olds-fr~om thcui' ondouiationm, for niame from zoro to 189 mccons, tire..
Owvn in Tablo Oil, for i11"M0,891 and, in Titbla 24, Mrp niams 140-1 Hol~ei Winiil
contains it 11itrO gas (Kr ac e lmnt,

Tho two moss chnins selected tIla on the outor odg~ of Clio two ylacld poliks.
In eanoh case,' the inflopondont j~lald dlitMrbuLion from ýhc hilandanin thnory is thou

hrodey ad te ilot~iv~tIo -Zt, aloniant. pr e thv more luinvily welghtoui
This cliffaraon dirnInishos as the matss nuirber nippronolitsi tha VniLuc 1tti

The fracutional yrields thamsellves indicotu what niliht lie oxpuctud cturInW
.(!'fondnsntion with respeut, to tile fractlohnLtion of ýtihu uR in niamtboar 11or
"xtnimpio, If only the ruar pns momber in ~oaxiddie Id, the moximuni lonlo
(minl~imum amount, conciunaud) should olpw0r" htwoeýt If) lnd 2ti saeconds for 1111114Oll, nevoi'ding to Cliondonini for mlino k41Y nvoordiiih to o~th theories of yipitd,
th6 i'Mation not ounndonmed sh~ould. doucrasem W4s th ime poriod ofr1 odn

Lunmputnidonetl O-irnintom of thoi tooduiwdunt ll."(1I1do yiukis howo not Yet
boon RIP1(1 vo fmi Hsion ni V-31l15 and PulJ'iPb with fislonýsuuru otrlM
nor fhe' fission of' 11-INA with Si-Mciv brolnd -hoo1d Nlwctruni qatutronmi kho lattlorI
wouild hlor me' piJilaboW to nuolvaii (lctoniltonw, Mpruovoik, $,Tivniij"N C1.idoi
yioidH tot, ovun i' PL-211I inod U-3 1Ot fwut.onI Iwo not V*Vi'y W6 II known. Avo i tfbho(1111141 yiiild (11411 1111(d 1314ti ButtoN of unruouiso rotyoldW c Sl n Iu I S illi
'rfblo 1.1,1 Col, lk hl'fissionl oi' U -Wir), U -Jn Iu II'uI P11-2110 Thu hbulk of tho (hultl unp(
10 tuui from thE' HiI00101111W by K1 ttiolt "1 oi.Iull r n' I 1 141H C III(JUI( I llt Irlllt i tl 111id

17



Ci CD C' Ci 0 C, Ci rb 0 Ci ' r. '

Rw.- - a-
*cts.cooc

4Aý
0991VAA6

fmP

404 4

Qý m Ec W illn
9- 6 6 6



.~ ~~~ ..........0 0 O

-.. o 000 *ocoo 4 00

a"al

mj ± iriiii~ ripw
, , 5- A , ,



(II MU I ATI'VIt; M AMH41IAI N YI :1i1) 01DH Fi INNION 1110)[! 10 I
(VALUXI 'lM ARE1' IN Pill, IW(E1NTl 011" Il'IMMI(JNM)

Number ThermRI Pilluion Flignton m-,mov Tharmal INhmRIOnI.Noutronu*o Noutrono Nautrona Nou~troniq Neutrons NoutronmI

is 1.0X10 4.0Xl0", 15.0X10"', 1ý,ON1xl *I711 i1,10gl 0.0012 m,7x1", Do ox0"
74 21,140,1)4 0,0054 t1. i0 0,0011 4.1x10 0,001

(a. 8(I,91 0.006a 3.3x10o"' 0.0040 7.50b"O' 010023

703 (0,0020) 0,012 010019 010076 014 010051

78 0,023 0.048 0.,0095 01026 010040 01025
To (0,041) 01096 01019 01053 040090 0.4
so (0.077) 0,19 0,045. 0.090 0.016 0.015
81 0.14 0.11 O0108 0.1 to O.O 0.14

89 (0100) 0.50 0,90 0Wan 11,0 0,90
83 ~ 44 08 0,40* 0.60 0. 10 0,07j.,84 1.001 143 0.86 loop0 0,17 0,600

9o BosU .0 4 04 Il
94 (2 040 0,4 .Ross5 94) ,

013~~lg 0170 1.3(,7 4 5*50

K so3 0,1 511 15,8 3.7 ID,7 9,4

97o o,00 .18 39101 3164 9.4* DID

go 0103 Soo 4.1 4,8 114 ,4A
19 ,004 0.4* 4-.85 (3.A* CO3 59

1008 6,00 01 ,1,11 5.4 5,4
101 50 040 fill 115 1110 11.4



('IIMU I A'I'IVt'I NIAHNM-( 4IIA1N Y1I':1II)FI OF1 FI"SIN N PRIOMI)lTS
(VAMINI 'H All 31 IN I'll' lit (1HNI 011' t"IMHII()NH)

Number P~ wr mitI tFMIfl Islan 10HRnn M-Mriv V evIII I I .1 n itn
Notrn Noutronm N out.rono Neo:tronm Nout ron NoutrnrnnI102 ý4.1 2.9 M'(1 0.1) 50.1

Io0, 010 1-.7 0.0 (1 0 fl,m 4.0
1.04 LA 0.go m.4 0,2 5.0 11A0

00 0190 0:04 11.0 '1.2 n'9* fl,2

1010 0.110 A,9 0130 -.7 0.M1 0,f1 0.Ron
101 (0010) Q,). * ,011 1.4 1 4,27* 3,1 1

109 (0.010) al 0*** 01307 0,10 ll0,0 ,4
.Ion ('0.639) 0.018** 0.011 0,48 0.00 1.0AP

110 (0.010) 0ion Olin2 0.04 1 0 16 O04 ~ 0,81I:

(0,0110) 0,00*7** 0. n46 0,1.0 0. 04* 0,001A
1) jl(1)0.01 39,0:1 0.14 01009 01090

17 (01) 01017 0.19090 0, 043 0.070

117' (0.010). 0.0.1 It~ 0498(1104
-- 109 (0.010) 0,01,1 0,4 4 0n,0 IOU0

(01) 0.017 0.041 0,11 0,041 0.0041
120 (0.011) 1,9 ,049 Oli 0.u 0.06n

(Is10 06042 0,4)40 0.11. 0-~4 01000
(001 M) 010,100 010300 09 0.06 01010

-124 M00o)-n~0l 01000 0903 0,00 0,08i
tin 0,021 0.l109 01072 0,90 01079* 1,4

I gjj (0.0(In) 01 .7 18 01603
127 (0. 1,4ri) -0.110 0.111 0,70 OllW* -0,80

1W ,3703 1710o .I2 10Oq .A5 13IV .13 1 M2gn:.



I Nil)I ATI'IVii M AHMM4TA IN VI F1I ,t) 01" IIMNIC N I' Il II U (I'
(VA LU'MS ARiii: IN 1111:11IWJ'VN'IM' rI" FtIMIONS)

11-110I UJ-038 - PU-20I0

Mriuo -

Numbor Thermfl 1"~IIII X O Fimmion H-mvy morift'mi FI"RIno
Nuutronu* Neiut~rona Noutropm N Ioutronx Ne~utrons Noutx'ona

13 (,814 4.3 4.4 *, 4.45 54.
133 (MU4) fill 61.1 # 1, A;4I* 4.9

141 (7.80) 11.7 OP, Oll3a* 317
3,36 (11.49) t. , (1,04, D,4,D9I
too1 (0180) 6Ali* ,8Il 49 0al,4 0

fl .9 . 12, n.85 494* 644

146 5.074 04 011)' 0.53 51
147 2,Om8 6Al* 9,* (1110. 51*al

14(1 0,70) o8it 3.0 27 a'. z 4.
1411 (1,11) 1I**1.4 5.4* (IMP 4.0

1.40 (6.87 0680 15A 510- I1)1

1.41 11,47 5,1** - 0,74 1,02* n.21 4.s
1+59 0.95 4.21 0d1O 0,11( (),H11* 4.4

1518 10.1 1,0 0,11 0.41 ** 051110

154 0.075 0,10#0 011) 0.415 0. 5 0'11
154, 0.071 9,ON4A 0.11) 0125 ~0130 0.9117

In m al 0..-11" Q'" __0 a. . 0-.1



Tttiblu 2.13 iwunaludm1)

CUMU~LtATIVE MASS-C1IAIN YIIVL 1") OF PIAION I"RODICT8tI
(VALU1'IH ARE11 TN P1TfLOIlN? 01" IPSMI1N6)

Numbm. Tharmal Thomion Jr1mnion a -Mev Thaimni0 1'inion
Neutrons* Noutrana Neutrons Neutrons Neutrons Noutranx

156 0.014 01028"* 0,00600 .0099* 0.12* 0.14
--157 010078 01012 0,034 0,057 0,064 01075

188 01002 0.0062 0.016 0.0SR 0,084 01040.
159 0.00107 0.0084** 0,0000** 0,017** 0.020**** 0.025
160 81BX10" 4  0.0012 0,0030, 0.0085 0.0092 ,1
lei '7.640 4,83I10m'** 9.4x,10'.' 0.0044.+ 0"00311"411V 005

*Suy,0mauKitooff, Aiug-EZZodot Yields rjoM U. T1h and,.Zm,
Nukoleonical Vol, 1t0, No, 4, p. 76-0¶ (1.051)1

**LR, unny NoMe caden 10 WRMsn, and N, Ef Ballou, Bm
cheMaicl ItudiAL 9f $be frt Slutron 1"1h2t, ofi R-181 ad V.330,
*eoond UN Internationti' Contoranov on, the Puaauful Vlioseof Atomic
Ulmgy A/Conft. Is/S'/043, UA, luau 1958.,

***G. , Pa Frdo. J, S. Gilmot's, at ad,, Zmfain Igld IADC-809B, 1968,

****L., ft. Bunnoy, E. W, oa~dden, J,. 0, Abrisia, and N. IE. k11a# Pinion
Yiel.In Neto irfe f ImD U5I4RDL.-TR-8081 )Aol, Unob'

a, Parrnnthurnqu indica~t eatimated Yalue o0weeKtathvlewr
altered in order to adjuit the yields to o grossum ofn 1 100 in *%uh peak,

b. Line Indicatmerdivirnion of two pookis that warn used for individual peakt owl,



'rho y~icld~ mtirvo i,'1, ,Lhrmm ituwi ~oiit'n Hmitn of' 1I 21[IN givvx m wive
VOItOCII o fl IlOLI nwrunm PtIr , t00.o 10n.1T' CfM~lein -lt@C'iPUn htlMIT'flf1100l liwoti
U-Ok ovi I4vIur&e valuiv i AA tioixn IU1tO10V*? 1ItM01ih ] oiiiAxinorl, Thoor Iwa
VOIO.ius nwoaholv With 1,11 a''enorvhVC V10A In Tithi~m 21iI are unod to OerIvP Mt'
met of Ntylizrcl yield cturVes for th, fispilon -neutro~n fission of U-031l. and l'u-23
-and for the 8-Mov noutron fission of U-288,

In each canno, the fission by fission neutrons im assumed to yield about
3 neutronti' po fission and the 111Mov flsmion to yield 4 neutrons per Ilisfoný
For muoh a variation with neutron enemrfyJ4n the notutroni yield psir ANIson,
14-Mov neutron flssion gives rhou.t 4,11 neu~trons ýper fissian. At,. givan maiss,
ohain yield, the Increase in the neutron energy from thorn~al to -Looln-
opobtriirn energies shifts the right sided of the heavy -element peak to the hea~vier
ibamovs byabout a 1/4- m auiti Where ther~e aRe w~ Oalito inadloato any
possible changes in the fine -oi~ruoture shape of the Yield burve itt the puak, the
gene ral shope of the thermal -houtz'on yield ourves is votsaied, but Adi Msted
In hu1ght an that the total yfeld in eaih'peak Ja rentinalbly noar l1f).

The large dibcrepancy betweien 1Xatcoff In vsoJman and those -given -by
Bunney (see Table -2-) M tWin rare earth yielda for tbgr-matUneutrox Rissie of
ft-1111 may ýbe dwe t parm~inent errors -in the coutofr oaitraftio. -7%e Ytld
values given byý Sunney are lower by a lector of 1.s a t snass number 14 4 and
approaah X~tcoff Is values as the msassInareases I at mass ýnauibor 180,
Hurmey 's-value Is only about 20 pperoent lower. Catuoff 'a values give a peak
Otmrnsaver 1,00i therefors are -used in Table B8.S

Qoiriparinon of the ou-mulative iohailn yiuklti at -the two peaks :00 l OIo HM8
And A - 181. t o 144L) fori-hmom iypes vf fission inclostttwal WWO very 1large
difference. in -the grain decay Maes of -the fission pooducte from. The thvese
flsslie nual~des shousalc be expecteel. T~he mass -chain yields o fisln'.'n "uteaen

-- - - fssion ofPu-289-aPPea to differ "ost Trom the-yiels o hete noi
fission of U-18-58 ?or mess limbes -ouch as 3240 and 35, whoser4Idutp'
may contrIbute mare than 110 parcent of theo total gamma radiation a~t apsodaio
times after Usejoin, ,the largeast diffirenco Is as percent for. mass -miber 1410

__ M~ad 110prcent fwr mass mnumbr H. The y~ild of maos ýmbnoer *0, 'howeVer In
sIgNWfloantiy lowe'r for U-l (I -MOV tout~oran) And PU.41 -oi olssan infutronO I
the d~ttrenoes are 26 anid 4; peroant, remactvlovly,

Th@ yleldo of mnas. numnber 187 ure afll mrc noarly litko, The7alargest
cih~in yield Offferanomp ocour betwethn'the peaks and the yields0i that appear at'
-The hig~hest apd] Jowesf; maosi numabvt%, -but evtn -Cor -200" fisuiwit (6brwvv
noutvoan), where the. yielda 13- the -maso flumbeitr near. II1$ are more than a
-factor of ten larger than the yield for U-2811 fission (thermal negutrons), tho
OontributIon of these "valley" nemlomnto im a small frioleton Wf the total
rAdloacIivIty of tho fission produiotm.



Ta urne the maunM ohNini-yiPmdVI;O II vwueu n lputtIUMti Of thv amount of'
oitul rdlenmnl tlwt Im aondunmod to formt fi~lout sand In auloulutlng the, 91100. (10
aavy rtat of' the minxture4 reqUire.o nmome oin~iwte of' the indopandant yield of
migh chain member. Partly for wrnvunlonnu, thea Indepmndent yield. oulaoulated
by 3Iolbawmand Blaloul for thermal.-neutron fission of U-345 arc nonverted to
fractlansaj chain yields so thit, they may be applied directly to all the cumulative
maeenkohain yield. for each type of Ltmplaný

Althott it, appuara that Glendenln'u symmetrical charge -distribution
J curve i -generally uppitoabla for all rum.il nucilidue ip low energy neutron

fimmion, it has been ehownO that the moset probable charge, Zp, (for a,,glv'on maam
distribidlen) eAfti toward stability with increasing neutron energy. That is,
the higher fraoiortlol Yieldu appea~r farther tolthe right (toward a biter Z
"nmber) in any decay thau wapu~a used u-disuuntlauow -us i faacon tor :9 and
aenalderied tt. primary firmgumtat biter. neutron buil-offtI hwewv, WriCVb buhm
sliwm enqtvPatly Ulmaw th twtton in thermal'U W oflp at -As's is oonttmoue,h, 0prapmese two

Ikewlag a lower yield, tar *h ii nurnsutns

it Is a401r th11t thwý'p is so unequvocal obet.. &am*u udiode o Ot
"mttug lii ndependent yletia of. the chain memer.1 mionn toar tharmul-ýneotron

sime f. U-4ll. Fopr thes .ndependet y'0104 -of htgewwofsin.h
eq~erimmritW data art-rarer yet, It ~ theriefore unusmed.W tht hefraotlonul
Iaqtm iseen t Vield' for therma [leimso of U-4l1 caculated by Rulla sad Uulto

ftd1Anuiw's postulate are set, too tapp*ropritas* for~m sa d of (leismc with

low -t utryMLOss. When more data become Nmvu wttMe 66ti total, chain
yield, IAAndon teinend dent yilels tor eao% fUnage suclIde, be. Indicatedj
oorreounm o&Anlbeinutty epplid to Iii oo"tatntlou

-The *oal usurp nleased it-*th fiestam premu tat n be 0tvuftedby
mass 441 khlfr 60he tulle netltde fainv led SW for ftle "intmelnt-Ohat
yiulds. Tbs-oaloitalee e*ergy relents wvein

104 14ev per ticsmmfontr 1.14ev neutron fismnin of U-316 , iOn4

20e 14ev per (Meson for finusoir'aeutran ftsistc of Pu-2lg

BY useG at the value .I4AxlS' osloriuw Per iilltoi of TNT, and fte-value.
lSARUMO" M calovion per May, the nuinber of fvtnuoas that rnleao the same
entergy am I k~loton of TNT can h~o.,*sbta~nad. Theme Rrei



I KT * 1441 0mr fimMIUHM (V211J ' m (imMloI.ll t1'ut1r4)jM

I XTi 1AWO"' fINNilo;1 (11-211M, 14-Mev hnoutrffnp)

I KT I'JUIVXO3 finsionx (YPu-2f9, finlion-nautranx).

All of the ariginal o~omputiationo In which this number -of -fixtona can-,
versi~on fmctor is used stra mads by using the value 1,45-,,000 fissions per KT,
without reference to theo type of floalle material the conmputatiats appliox to',
The exassuu noutruna1 proilucad by W&u fliiiluh prooovis u1-ily M.r'u 0,41 inwulvi
par KT for U-205 (fission neutrons), 0,41 molos pair KT for U-408 (Mov-
noutraon) , and 0,40 moes1e per.K? for Pu -289 (fiamion noEutrofS).,

Trhe enerey and neutron yields that are possiblo fnrearns ther~monuctipw
reactions cann he utimnated from the reactionh given In ZMW (p. 10) Thes
Include, f6r deuterlun ciombinatians:

21 l ~gJ19a + n B- No 11v.

+ ,H' 1He'+ ~n 14.0 Movl

,and

Im I + On * +'? .~ 1.,1ev,

Tho eun' of thewi en4otiana-ix

41HI~~~ ~ iml+N -V i9B.0 Rev,

Par th6 tritium. reaution,

AiNO 1i 4 lol I~ MOV.

-The aroogy wrelea for thisu Maition in DiR K? per male of tritbium moloawles;

thte neutr~on yield oi 8,4 molee per M?



oan acwur. In this reiautiun, thy cinargy ndoimswvd IlsU2 KT .pwr uwt' ýd441W
urn deutwirido, with a ,wwwuou yield luf 0. voi inspwir 'KT, Movoa rther rMa~t~cinm
(inn ho' trrniutedK for the Jumlon of theit 'light e'lltinantu I wool, Led thvM NdJ
reiautjun airwrgkxs) In tho vanroO 31p gI o Mi Mv, PMa noutron $pls~du u *liwninn
rveru and M u iaucemh niaptian. Thus, lrthn Ie ancOP'-rolesso and Ovlbbfimwtltt
y iolds of thormnnudlmar rmactlrnnm., s remauonakde u~awAtei stwii ftlot 41setha
b out. U. 13 KT of einergy per rmult of reautant If ftlneodi, Anall uhouflg I .5 nm

Of ncutranx per 'IT aroaadoc

vf 'tie enevrjy inlonustl bytOft Ohm IlMolonsand *1he damOVP 1*00unes1111 nu Unn,,
tbe annhunt of TrA~iuvldve Lisuion ,pniduata 06dnn 4me*e m1' ml .ef{

stn ls~iThus, 4n uanldrti f~jQI$otb,su tu &x tsto t u" '4.
an hiiportant ýquantity: th uoetudi'dteticniroul o ttrmv
pvapW.tionel to 'the ratim of the fission $P14d to Of itsibia nhqwn ýAtd,. ru
suaMw11.fr f The titlan and IaMOD'Aiwpid QUA Suirmmwtuua *pO imn
tho radiation' fromn thr fuliruftw 4 toutb aWnuxhsUlthw f a ~pure Wlnfa weape

of he vines yiwlal.

Tho nunibur -of inautrnno w'dupud tusal; oSbwainteet 'tn tabouht.' ittno.

mvinout fof atdditicinalndiaaotivlty mw vosult A1 syAkw in" 4UMd U-60 'aniei-
'I4 niV a lA T tf47f0 4he .O4]M~ TaMft'exam . imuW an fewl" re cupur 'bOvnn.

-weuid; Ibe jm ,7 ilAXT; In the snae otugullau-tAut fur l ,pure lhersnanitairn -

sid 'heneuro aslvtinuitone 'would ~ci~ flt 4.0 'SrI tmWISSIC fthus, bii

z~m~aoglu]capabtity twirc that isl £a pure&vi th 4nw lpn.-

Nut, H. would be a rr ourneta Si 'pb44wta b eitsl
hocauue miany of tUP nmtura4'ly avuriung #4.mernup Owhait !in Inla'geo Abunltanus
(91101 Rs h ydretoim, stIlvaon, crnygen, and sulintnui. ),ban aatre n ~euton'

the athaw hand, Ii's thurnionuo leati lexp1mplitan took plaosi 'Whee sontv 4MemnurKu
"h-NW-oohr -(meri) wuuja-nuse, ('abth, i4ntwo nfli werve anaelrio~d In linrrp
qunntftie0. the' rndlcwiio-ncitaVlld at the;asio tpowd'w NII4 v, hkfl hliloh'



JATe ircuv tiainEIComNrhnin W jnjwiviaduld Fmlluwt 1J'arlI-Vu

informat~rmn cm 4<h@ OnwIlar& andl etpoito 'MI nd U~lcul f&IUba IMP-
11ON1. ctAptnni mainty from two lypsm oftotiarvaitonu; 0 1 plrogrllghie

14v1 raidiogrpu$& maulvnax @1 lbin 5'ctdons {4 hilout partivoma artl (2) rode-
octeuiktual mad chemiclomis"..o of hiloul purticles. The rmiulta of unalymca
ofvL 1110taout. phuldol.. .ciitribqdo more to the otufrruternllg oil (ho (aflout
forunuida prwovep Oma. any other "Wp of analyply. Th. major limltatlon In
dam uuialna of at iala p'tle to 04h4 the ntelM.1i are "~ epp!kvible (o the
miudy 10 partliice. oi'lens than Abot 100 microns In dlame*sr (and usually
LaPrger for do ptrogratlc metod., and of part~cle. with less than a given
radlodouve costat N1m the mlmdlbomhsatal metwia. The portlatment.rsla
frm, (Lu pe~trqr*Io san mthgmiaolc uitulns are smuwmsrhud here. anl a
desoiripuon of it. eeqwrlmsaI tealoqes follow, the summary.

Iel"ftoe from. Opersoso Juqi. Ia 1W31 were maulywi by Adam.,
Popqmf4 mod Wailaaco o .11 tu . Newal RediIoo-gleul Defame Labortatry
OM SAhW1 m ~imi m 140. te ,~MA ' MU oflt .t ( amlyse are thme only onesa _

aNvudable em kiima from a do~acaico ott *ao isirfa of a aidloate mall. Ile
"pmfula adO"d Iraqew on size from IM0 to N0OW0 matcrais in dlomstor and

AMM~d"a Whiui doU1.r acuw1ky cata, I This Ge resulte OW* to the
lANwadmot h*Ay ratle~svouon eliehiAt rrttoleu. lb. *usrvultom

wars made em Oflt Metu abut $O uoruimin thick taskm truen ft owatru
rori Cbas purwlo. m OtwwtgmS-.

An51 th "*n i da w i t all-otfl h~lsUmvpt*Iw. Conutato
------ A.-.o 4 thmavur 9W"e 11A., 4a hued ailiat. Mues).

flawy pmmtfdmtr("Now" of uuu ald minelral SaM. andW 8irJ
h~Aa ad th &anh mtmei% pruln coupmnt per.-

_ map.-b a low perost e0(t woks. o i AWl. $be b"lii60
or w*dlA .ompuaed siouflhu tae "Mo to Gnraw sneus the
'*ame of the mimeusi Ignro . UoM pamlCtos, in "h g&e4

~ owed ellhr-mosra-pua~snor- air hdles and
so 1rWdus~WlvWA wa ksuu to0*utAelt minertl ruins.

04 2. M~ f romnral rila ins %11 #I"Tfilw1*r
t~ ml-to be easifly IdeiUhed withth a' ipc

28



THIN SECTIONS AND RADIWO~APHI60$ SOME FAL.LOUT PARTICLES FROM A SMALL.YIELD
SURFACE SHOT AT THE NEVADA TEST SITE, THE PARTICS ARE A TRANSPARENT,
ORECNYELLOW OLASS WITH THE RADIOACTIVITY DISTRIBUTED MORE OR LESS.

_ _ _ _ U NI F O R M L Y T H R 0.U O H O U T -T H E M R V O L U M E S .

- V 1

Li



mfioroNoon.m, Thoni thatn w•Pr• Iningo n•noiuh woro Idontiflod mn
quartN or fohlmpnrl nhout.l 7N wrocnmt of tho onli ot thv nhcit
Meint vonilate•.l of thuext two mitlrm lN, Mont of thi grninn
wero mmnior ithnn fldim ni tih nnllvo moll•, nppefred to bh
shattered, generally gave uio apioaranvo of bliing moltd, rowd
Soncrally were found maRtteored at random throughouit the
glms rphame,

S. A fairly lirgo fractlon of the partlolea ware aphorlual or
spheroidall some were true spheres of about 500 meicrons
diameter, The smaller of the particle lmeam studied containel
fewer minerul graln. and voids than the larger irrutguhrly-
lhalpod pnrtlolva,

4, The exterior appearance of the ophorrgla partiollo waried
from o, trh#atorfnt yallow-green o olor i a ligiht brown heelr,
iand, the rAdioactivity was distributed more or lmea home• n

ghououmytr theoiottheir volume, Many of the speres had
smatuld r spheres d ttatothe or partially Nased t their n urfa ,

S. ft5. The exterior iappearance of the Irreglaur p•itosH wax the
$&Me am that of the natrive moll mineral Spi|•ns, but in the g~liass
phase the ratdioactivity was dixtributed in.an ir~regu~latr maner
throm~hout-the irregula.patil, Is..

The stutdy, tndioated that the largem gilans patrttiore •ontosinln

11plfloant aomounts of raitoaetivity oould not have been formed by direot vapor
condensation of the willoata gris Electron miororphn of falloet colleated
vnlir filtern revealed the preenoe, of. mpheres having diameters of the order
of 0.2 micron, Theoretioal oalculatlons such as those of StewirtJ6 on the
Pondmnatiomn ofsuah material. as iron roand finhlnep-roductu (inalr in the
cooling ftrbal-glive parl ole diameter. of .the order 0,1 mioron, In hi.
oaaoulation**.wat assumed a fireball containing U ton15 of iron In a rudurm
of 500 flet and that the growth of the partialoe was a oomblnation of condense-
Uon &W oagulatton, tewart obtaine a modal diameter of O1 micron for the
Iron oXde Parlolw..

simple kinotla theory equations that doeoribe, the growt!t of pnrti-
ale. by collimoit processes give pArtiole-diameter values, for-the ifrmation of
partoile of a given mime in the vkpor condensation process, that range from
atbout O.OI--to-OA miur•n, depening on various assUmned vs i.es of the itiltil
varpr domnsty. Thug tho--amall ;phertoal partiol"mi in thr N4DL Ptudy -with
diameters of the order 0,1 refaron, probably resulted from direot vapor con-
denmation plus onnm_ growth by particle impaction in the liquid state,



1,1W~ Th 01 It itnnigPI 1 midpia 1xirtvitime (Y1t' ionI iktina (Itilontivii 11 i rt111 Ver

ijamieci ~m t~lfli11'Ut miJI tilts 111111 h I XIII I, p o flt tilt 01ii114M MI) lhnI tii 0111140
hoonmo voryv fluid, or wc-rv from a hiyvr of' Nlqid 00,11, Ut 4-POint MwU-vTt thu
Initlat firinball gnous, that formed particoiv whon tho orater mittorlin wom
vialemitlY puilled upward Po the fireball pope In tho uir. Tho mor ' Iirvguiimr
pqrtiblem vonto iling thu shatturud but unmultad minaral grains could havo been
formed by thfl violent miging of the. molten class with the grains of sall mineraiso
that were originally outside this melted sanon The voids also could havo Ixafn
produced In this violeant mixing process, ax woll no -by the partial vftporlyation
of volatile constituents in the molted otill that warn not sufflicintly lint and filid *
to Permit the escape of these games,

9.3.9 kgjlci 11nderMgrut Shot. Silicat 1911

by Adams, Poppoff, and WAltao... None of the larger 'particles wer'e sphericaul
However, Wooed glams spher'es in the small else mrage.(leul -than" 100 miarono
in diamhter) were. obseryed, Iuperfiialkly ;most at the ratiiaoative paa'tio1es

__ 'looked like the original- io mn-l-t-i aoai are, -They werv-usuaV -
ly a light brown in color, And Opalque. In thin seadtio they were transparenit
and colorluss, had the slass structure found -for -the murftaoOaeiht Malout,;but,
contained 4 mutih higher 6anostitrntion of ,unmulted mineral grains Rnd voids.

J.8.8 Man. Yilartgofe lbot.,CRal

PRAtoldls available for analyoils from detonations at lu~z'gs'yAlhd
weapons -on the, srniite ato land areas are reatriated. to those -of the faillout

-rdcdfro M-corail ato~lls The noral -reefs are, -of ourma. compoied largialy
of caslcoim carbonate in the -forr -of -aaagonite ." The fhinilngs at C,, Z, Adtms ,
from Anslyuau'ol particl., obtained rfrom the M~ike liat &fC0pera~lon Ivy, tjhe
first large thermonuclear detonation, are summarisd ma follows!

1, The paurtiales avimlable for study were gIxinp f mall
white material whose diampters rang. from about umi~
miuraos to lesp than 3fl miprons, (Thoue mlootiid for
p otrographle an d rndlrigrnphic onnalyman had diameter.
bjetween about 750 Nnd 1.1500 mintunm,)

2, The~ prinoipal oanotituento, as datormlinod from X-ray
diffrootlon patterns of powders preparad f rom a group
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THINi "LICTONh .A4fR MDRAPHO A P LLOUI'T 'P*1TICL'E f,~ ", -,WLL.YlIIfLib
SU~fACE wiOTr AT TfHEi NEVAD~A TflES1 I11Te.. Nip!* i',1TICLlE ills A TRAdNSPRNT
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TitN ltticmw, nc000 KAqORAnF M ANQULAR FALLOUT PMreftliE fAOMi A
LA*O.VIELO SURFACE 8140T AT THEg tifUIWt0K -PODYI4O OROUN"OL W.N PARTI1
IS CaPoJED ALMOST E*4NRELY OF CALCIUM NYDROXI0 IDUNh A MHIN OUTER LgAYERt

OF CALCIUM CARINMAIL ThEv RAONOACTRYrtt HAS COLLECTED ON THlE SURFACE
AI4D hA"S CiP.PFUD A Wirt 0451M1 UINTO THE PARTICLE

- V-



flowsa 2,4
SECTION OF A PALtOUT PA#I1CL.E FROM A ILAROE.YIELD SURPACft SHOT ATf\Hg
ENIWETOK PROYJNO GROUND. THE SMALLJL ILACg,, RADIOACTIVE. SPHEMX SO4WN
ADO94RING TO Tf4E SURFACE OP A CORAL SANo atAiN ARE fOPI) MO Y YAPOW,
CI)N0INSATION, WITH SUBSIEQWNT GROWTH BY COAGULATION, OF MATERIALS
'VAPOR(IZD IN THE FIREBALL



3i. Tito thirdl itonritil tyrp' of parirlvin found warn apherioun ui wiar
vo~lplRisal of calvului oxido that, hy hOu lima of onalysim,
had partially hydrated to vaulouhi hydroxide, The Purfave
wap cover-ad with it thin layor ofooalvium varboriate in the
oalvits form, In thoue ipherical forms the radioactivity
wasn usually dhrniributod more or less uniformly throughout
thn n Mint itam Pm a re~~n~ 0

4C The fourth general type of partial* found was a very fragilie

fluffy particle siminliar to a snow-flake. (Most of 1.h1604

or In the handling and shipping of' the samplesI

The angular vartiolva1 thei ones having the Irregular shape orf
fractuired coral grains, must hav been heated to temperatures- higher than 000
to 900C , sline, this rang of tempoataumes doerbonoat" the calcium carbonate,
l*b%*ver, the "PguAr fertsce did ,nt roach the tomperalure of 025006C ra-,
quired to melt the calcium xilds. T/he micraporous calolumn oxide wasiiydralood

Iftcalznasprlo Water after It oool~id #Ad durtingif"Aafio tWtb earth. The
calcium carbonate loop.,. in the calcite form must lafe" been feriotd from the

___ - ~~carbondioxide of Uth atmosphvere -ater th-sxtt~lelu ha Maid WUneosot
Ili the stoble structure formed by this reaction at temperatures leas than VOC.

The 'mllo -rdt.black ophores were vapoi-wodotised
particle Caualaung Of at Mixtu of culcium, Iron, and fisuicn-praduaed oxides,
Since it was later-found that A. large fration or the activity Wae in Ionic florm
and could be- lesahed-from -the-langular partilosloeIoking the spheres ont their

surfi'esi~liikefrthatthes radiacti, fisionproducts wore preolti
mnolecular or WicIc form in the struoturs of tOe particlo. The bend of sotivity
&round the edge of the prtlole~ indicates that, some inward dtoluson must have

The smaill partial.. an the surfanoes of the larger ones, however, Odi
not toge ativity byrdiffujilon. Henoe,,ka of the mativity in these irregular _

paritiale must, have been collecteod by fth vapor oondensatWion f off f-stnproduct
eleme nts in their molecular farm and some from voillublons with vapor-
condensed solid (or liquid) particles ranging from molecular asio to 110 microns
in diameter, The- solid calcium oxide, in the proernven of oarbon dicaldo, can
exist between 900'C and 21190C, and many of the fission-product oxidt caim
condoese tromn a vapor phase In thlIs temparstwroeal5ne- --TM- rnný-Ir
produotfion of the vitpur-oon4ensed spere,, -came 1rwovi the structures around
the toot device., and the calalum oxide from the vaporized coral at shot point,



tHI!N SECTION AND RADIOGRAPit OF A tPHERICAL FALLOUT PARTICLE PROM.A
LAROI1YIELD SURFACE SHOT AT THE ENIWETOK PROVING OROUND. THIS PARTICLE
It COMP059D ALMOST ENTIRELY Of CALCIUM OXIDE WITH A THIN SURFACE I~AYFR.
OF CALCIUM HYDROXIDE AND CALCIUM CARBONAft. THEC RADIOACTIVITY 16
DISTRIBUTED MORO OR tES5UNIFORMLY THRQUOHOUT-THE VOLUME OF-THE PARTICLE



The opherlmil pIartluoel were formed from vornl partl•oln hontad to
tamperaturem between 29ii(rC, the malting Ixint, of OPIONI11 oX1lo, fnd About
36500C, Its boiling point (in the preumnoti of about one atmusphere of oxyfon),
linoe this temperaturio range it not l•uige and would be of Phort duration,
spherical particles were neither formed nor round in great ahundAncoor in largo
MRe ranges in ooral fallout, Also, molting would destroy the porous structre
of the calcium oxide, oo that the hydration proonum ýould be much slower, honce
In theme spherical coral partioles 4 large fraction of the oxide would not be
converted to hydroxide until after i long exposure to humid stmoipheric
oondillons,

Hydration of the tuned ololum oxtdo involves an Increase by a
fatoorof U in the voliujme of th- nolid, roeulting tn a rupture of the crystal to the
crumbly, fluffy struotu'e. Haonds the fragile fluffy prtiaolers may have formed
from s.oili vapor-oondonsed calolum oxide particles that hydrated an they fell
end agglomerated with other similar partiales, Boieof these particles may
have hteh formed frOm !arger mreled part1•Arl that nllided with water drops
in their fall And thus completely hydrated to the observed strucure.,

S........ -28,4 Tower Doht, iliat Boil l. ..

Fallout partiales from tower shbte over both coraland silloate 4wils
have been oollooted-and-analysed, The results of analyeus on partieles from a
tower detonation 'over sillctoe soils by CR, Adams and J.P. WittmmWO are
summarized u follows|

-'ii-- The-parttale site use-in-ths studyraniged from 140 to 1760
microns In diameter, Most of the particles were brownsto.w
blask spheres or epheroids, but some were irregular in ,
_shipe (Pei Figue 2.6), Most of them were maipetif', Thepu'faa -lumter wu -btween dull metallic amd4 brillient

gloss, Thel? meuured deisites wore between 1,4 1ad

C9, 'iin/cm', Many of the partiole. had smaller spheres
fused onto thfir aurfimm,

3, In thin oevtion the centrial core of the partiolei was trAns-
parent glUe with a Wolor ranging from i ght-browa to
colorless (see. Figure 0,7). The core was surrounded by an
irreglar thickness of d#. brown (or black) opaque glafs. "

8, The glass oooaionally had flow lines and In many cases a
fairly large number of voidej the latter were responsible for
the extreme variation in the observwd densities. A few
mineral grains were observed In the glass matrix.



Flogurs 2.6
TWO FALLOUT PAR~TICLE$ PROM..A TOWER SHOT At THE NEVADA TEST SITE. THE
PARTICLE ON T'HE LEFT IS A PERFECT SPHERE WITH A HItOHLY GLOW SYURFACN)
THE ONE ON THE RIOHT HAS MANY PARTIALLY-AfSIMILATED SMALI 0IWFPH1 IS
ATTACHED~ TO ITS SURFACE, BOTH PARTICLE$ ARl BLACK AND MAGNETIC AND
HAVE A SUPERFICIAL METAWLC APPEARANCE., THE INTERIOR STALJCTUIRIOPITHIS TYPE OF PARTICLE IS SHOWN IN FIIOUfE III



THIN IlICTIOWAND RADIOGRAPH OF A FALLOUT PARTICLE ?*OM A Mo0VkATE-YiEl.D
TOWIR SHOT AT THE N!VADA TUlT SiTC THIS PAIRTICLE9 IS OWMP"C -OF A-
TWANP~ARINT GLASS CON I WITH, A OAAX LY COLOR11 IRO OX IDE GLASW QUT01
ZONE, MOST OF THI RADIOACTIVITY 16 CONCINT-RATEIM N THS 00tER ZONE--
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4 'rho radlawrhl.hs aliowwct liut the rwuitiwwuviiy wato suwuuly.
morto higuly vonvont-rmtb( in tho opaque plias around lb.
our*. In some particlefs tho cornr was Inactive; In others
the rmdiowcttvity was tllutrlhuted1 in a more or loss randoim
maimer tbrougiftut th partial..

The strong mailnetic property of these partial..m wee due to the Iron
oaiW (~p"*Iut gleso around the central coare, The amullier parliolsa tended to
be more opaque throu ghout their volurnee e. wiihaui tra tnsparent neuntral
core. The vaune.t of ironm tuchde glass varied somewhat with weapon yieldiand
withtheO towers site or Mass; the beavier tower tyim rinsued in -particlns
con-n-ainig asmuab Asan- average- ci 8 prcent Iron by welight.

Timhesults. of mnalyse6 Cof parIal"s fromi a, tower detntonu ovra
coal[ soils by C.E. Adams-and J.D. &'Connor" are summarised as followsi

I.\, Three #eneral typosof -radiasatlve partlets were WtounL

4, The most abundant typo was dull black, aphemaida, weaky
magnetic, and cacked and veined with white crystalline
mae~rial. The sizes analyzed had diameters from about,
:600 to 1,0010 m~drons. The thin sections (see Figum 2.A)
Showed ftat these particle. had a etra OCMore..orlglnully

__ selsium aCide. btwi-nertialil converted (o caloium hydroxide
and. caolcum. cartionatle by the time. of sectionng-- that was
sorrtnndsd by a thick layer of blan opeque material
I1deptf led as dicalaclum feritle ttCCF4O,). The while
mnaterial in the wine Wee "ud to be a mixture of calaito
and vaterite the two low~lempesrAbre cryswta forms of
calcium carbonate. The raiooAet~vlty was always con-.
oentrated in the dicalciwn ferrite Phase.

aI. The aecond moat abundant tyMe was a mapellio black

Sspherical partcle wisth a glossy luster. The partiplqas
In tin, ilamples. analyze were between 350 5*10 80 microns-
in diameter, and wort oompbSoed mostly alf niapotlit
(Fsoo4q along with tome hematite (Fe 10). The rodio-
activity was found to be more or less uniformly dlatflh11tod
throughout lbs particle volume (se* Figure 2.Uh,

4. The third type, not very abundant, wats whit. and Irregular In
shape and looked much like grains of the origial1 coral, The
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thin sc4liolnn ghrwcuol iheaso parw'Ivio (4, im vorniximad Pithor of
qiimltiared voral oar of ealviwi hyudroxaide witb a thin (mating
oft ounkium oarbivnato. hMmiv small blaok sphipros with
diamotora ahout 10 Morons or loss woro fountl attaohod to
the surface at' these Itsast Abundant partioles, The radlio-
WORllY, an oliown by radiographs, was oonoentrated in these

attached smalliblack opheres,

could f Eu e! trt~fera c t~nonnd diculcium territtc
tN" oue only have been formed either by "h reaction between liquid calcium
oxide particles and iron vapor fin. the propono. of oxygen or by tlia impaction
and solution of small drops of liquid iron oxide In form the dio-ololum ferrite,
Maces the calcium oxide has % two-fold volume Increase an hydration to the
hydroxide, ft "eIns must have formad 91ftar tOe partilalu salidiflod undol!
lntorna~l pressure resultingf from the hydration of the inner 6ore of osmilum
oxide, [a this prooess, some of ft hydroxide apparently diffused Intlo the

-oaara wh- tWi ~~~tby aftnospheria carbon di oxide.

The asoond most abundant type, fth Iron oxide partiale., were
probablyfar-mod during-the cooling of the fireball by the oxidation of liquid Iron--
drops ifromn the steel tower.). Both the vaporlaed iron and smein of tho floalon,
product elements aparently condensed more or loss sImultwaeously to form
thes" partioleal apparintly they solidifiled wifthut colliding with molten calcium
-oxide particles.

Silaw the melting laistperature of magetille Is" 160WC and that of the'
_____ ___ caluttiin oxide in 28M1OC the twa would ant be pro-pent in liquid form in the

temperature rnge JGWC to Aftl14M In fact, the more stable liquid Iron oxride
(to tbse preeenas of abou t out atmosphere of oxygen at Rom peratu res above the
m~elting point) Is Fo~i under theso eanditlons, Its bil)HIng point is about 11180M.-
Thuards heOjprtr ~ swiihlu~ ~itt xdLed 1Iron oxide

myxstis ,,twe.nabout SOO'C and,8I-C.' The Iron catme from the toweri,
It wu anllcaed nearer to fth center of the dtonooation than the calcium oxide Omait-
Was Originally aoral w: the buse off tbse iwr~Ai uuunae of the pure Iron~oxide
partlole Indicates that the two materials did not mix homtogenously In the
firebal by Ike time It cooled ito 960C, The absence of calioum in the particles,
Also indicates that the aM()unt of ~calcum. oxide vaporised wan 'very small,

The third type of particle was aparently formed by collisions between
the small vapor-condensed iron oxide particles and Crains of coral not heated
to UWBPVR, Thus these Ieast-abundont partiales must have formed at later times
tVWa the other two types, The fact that the, small attachied particles were eo
targe as 10 microns Indicates that the initial vapor condenwalion proceass
continued long enough to permit conuiderable coagulation.
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THIN.1 SETION AND RADIOGRAPH OF A PAL LOUT PAR7TCLE NMAMQAEYEC
-TOWIN SHOT-AT THE PNIWVTOK PROVING OPOUND. THE RYCTALAAAN
Vd.(N6 ARE REMNANTS Of THE ORIGINAL INA0TtY5 MELTED CALCIUM OXIDS "rAR*ICLd.
THE DARK ARRAS AREt THE OICALCIUIM FERRITE IN WHICH THE RADIOACTIVITY I;
CONCENTRATIO

_J1



Fl~gure 2,9

THIN S•CTION AND RADIOGRAPH OF A FALLOUT PAIRTICLE PROM A MODERATI.YIELD
TOWER SHOT AT THI ENIWETOK PROVING GROUND, THII PARTICIJ IS COMPOSED
ENTIRILY OF M#ONITITE AND THE RADIOACTIVITY IS DISTRIBUTED UNIFORM1LYTHROUGHOUT ITS VOLUME
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Tlhat the purp tron oxido pmrliclam were' not. i4,earvoid hi l0i*' folloul
from Uiwor shots ovoI' miliuaho moil doom not provo their nonnximtonoui, buti Outi,
If produoaci, their abundance in thei fallout wo. very low, Thi. to I,-Wi explillnod
by the fact that tho Slams from *illluat* nireralm can eximt In a liquid (i.e., fluid)
utitte at temperatures even lower than those. it which the pure Iron oxide
solidifies, Thin would permit more time for mixing in the fireball and for
oaagulation of the liquid drops of Iron oxide and the milloate minermal. Ninon
many of the silicate glass particles bad small mphores Attanhied or fused onta
their murft ces, the prflaeA! of onnArtl1010P M-Umt 1. hnacontinued until the-suurfanc
of the part-ioles wits ver~y vianourn.

Weapon yiold, the height and mass of the tower, and the boiling
ground-uurface material, are vaporized, and, if thely are vsparized,' in deter-
mining the quantities that enter the tirebail in vapor form,ý Most of the fallout
patrtiole. fromn tower ohots are undoubtedly derived trorn grains of or'Itonal Poilt:
HQwoV@V0 in onea or two Oa;.; 1 where the surf ace soil cpontAined an 4ppreciable
amount of oubstan~oec that me' lt-at low temperaturee, stich as sodium carbonate,
that could act am a fluxing agent, evidenae of liquid puddling on the surface of
the toilunder the-tower-was observed,

2.8. 6 jada fit ot, 00110 olt j)

Only a few fallout partiole. orliquid drops fromn detonationsa ýonr
hear' the surface of the ocean have been analyzed, mainly dues to the foot that
stocial analytical tedhiniquai not Available early in the Weapofti too( series had
to be develdped. Howaver, Ocetal Toapgnt film s dove kopo by Parlow"' for
analyzing -liquid drops were used -on a few oollected samnplas (see Figure 9. 10),
The particle., cmollo cted- at a single Inoation from. a detonation on a barge -

anhobrtil iWteth lWon Rt 731kini Atoll, oonelsted of a maturAted solution of set
water saltit, some suspended crystals of nodh~m chloride, and s~omeinsoluble
solids,

Moot-Of the iiftfOliblo solid materialii won' found to be iggloinerateu
of small roddioh-orup-eto-block spheres, Name of thiose were so large a. 80

_microns in diameter (moe Figujre s, it), From their X-ray diffraction pattern,1
the apherus were identifiled a. being composed of dicalcium ferrite. In those
Oartioular samples, only about is percent of the Activity dfiffused into the

-reagenit film ai the remainder was associatedi with, the uctfdo Thefron came
from the large steel barge mu tho uagluiim vormw froum the corall ;and usud uRn
ballast io the barge,

A4R



P'Igure 2,10
PHOTOMICROOftAPH OP A PICHROMATI RlA0PNT FILM OF AN INDIVIDUAL LIQWID
FALLOUT PARTICLE FROM A LARGE-YIC-LD MARGE P.10 AT TtM5 9NMWTO. PPOYINO
COROUNIDi THE 90-LULJS CHILORIDE IN THE DROP HAS REACTED WITH THE REAGINI

FILM, FXORMING A WHITE CIRCULAR AREA INDICATING0 THE AMOUNT OF CHLORIDE IN
66LID PARTICLES IS A MEASURE OF THE WATER CONTENT OF THE DROP, THE
SOLIDS IN THE CENTIR ARE SMALL SPHERES FORMED BY THE CONDENSATION OF
THE VAPORIZED EAR0E AND BALLAST MATE-RIALS



Figure 2,11
ELICTRONMICROGRAP~H OF THE RADIOACTIVE W LIDS IN THE L.0IPW FALLOU4T
PAPTICIL' FROM A IAPOt-YICLD DA~ 2NOT AT THiC tNIW.CT0K r11ROV1NC; r*OUND,
THI15 AGGLOME RATI ON OF V CRY SMALL IPHE RES, EACH PORM10 FROM TH E
CONDENSATION DF THE VAPORIZEDP BARIDE AND MALL AIt *ATER IALII I5-COMPOUPI
LAROELY Of DICALCILIM f RRITE



F'or lhum, WON'u wIA1or th'hwL14 pwrliulom. 1ho Nmpi(1ipt1(Jn (if tlip romulli
of 1,1Vtinod NfoNJy wAh ft.MMJD11 b-t' p~h4rtefl~ivlionfl ii not quito iss
sira4~hifurwsrd as fo~r the murnpivelly M~olid pariitilom from 1he {]VI~r lypop (if
dstonaflinna. lUINomjie01' lb.o pi'o5ft¶9ci 0waler, tb. droplot or particle van
change 1:4 sire. Perhaps change. hi the relative amounts of various rhemical

omttowualso occur durt the fail Uad ahI dropletthrough tho at-mosphero.
These cibsages are clue tio evnpovmiion of water In the drop or tW (be oandenmation
of altmoaphestv water vapor, as well as to a (Inntinual process of aearifloii of

Cr4tainl-y a largt nno=nI of, in water wouldl be vaporized inktaily
JalOfwth Wbft. fjission-product( @elOmnts and t~he Sol d m alarial.a of the bomb
atiniclurptu4Icldlngi Ame ar-g. =nd ball~ast In, the-M test zbat;). Thol ron andA
callahan oxide vaporst eandenme., so form Ike small calcium ferrite particles,in

ach Owe smm. way at wain observed, in the falluut front the oarl] surface and
sowmr wtmadoamtu -These oxt~es and some of Owe mars, re ractoy Mlsln
prm-e d_~vx@44n_ wM-d cAqq-4qs" fjai 0" it. hjter iAmnpsraulrea. The nx
uubstanoes to ,cmdondn are (be oodium chloride and the leas tefractury fission
pmkodus (ox~des,. hydroxides, or chlotridesj, And finally, at temperIatres
awrou W~C, the water vapr condaices. It I. ikwht fth first partlckts to
heo tormed soen asneirsutc upon which fte rarmalaini vapor oondenaea,
altbmagl Ibis May not be the only process Involved.r The same final particle could
be formed by spreocdmalwofthe variouts subsanmces, and bhy particle
growh by ImApaCtio, 00spketahy whe Ithe wae rp re present in liquid form
mnd in htglt ionceutrition

The waeater cntt of fthfia particle would epend an fth humidity
wad tsmpsraoctrs ooi~l~unse0 of th s~lang sjlls brW Wbfb1Hlee WII1

ialwater contust of th partile ewould bw determined to a larje degreeby
thee mvimd1ne In tohe olat, part of their fall tra,1eotory near the oarth, We
pisdtol. carried to great aiftudeu would U1il through air leyrs atr lhsmpdrstum
lessm %"an V. in ithes Ia*"" fth particles woud be "ild, and the timel Chat
ftey woudr remalin in fth "lid -P"l from islle yield dstoatlon would be a

lIrg fractin of thlei (ota fall time1 The l ons *aner ga in ll Mn wae contn
dorling the fall voulid result in corrvaspndlug chsnrs In partilal sing and donet
asI well as in fall velocty -Of the) par~ricle~ -

The *noilalont lnfemem-g of 4Ma data, wvMlb regar to lb. fonrimptar,
of ~ ~ 'ý'6 4hyalutprMsit thi cioolifng fir'ball, are,

L. The vspor-oondmnaatlon of small particles btegins al the
higtua(t tm~peratUre aIT which a maporaoopio liquid phase
can exisl, in oquiiihrtirn with Its snturatod vapor. rho



,'auiloacivo suuirmlolI, litivi no tho ,nu'iui oxiuie' Crowi hOw
x truvtui rat Iolouhu of' fiiuwonI ayind/ou~,r Cho dluounimof tionI
prOw1&M rit (if M oit ooipi '110130 MUiJ91,AI1UI~lN (III'. 1,10 0110N,
nearest tho point of dotonua~tio, WIhoMO vuupor$ arý Intiniltoly
mixeud with the fimsion-product, gam atoms. Somo of the
fission produc, t atoms or rnolocula. conclenso to form a
dillute solution In theme particles.

Ilciatiid aoli (are1 towecm maiitiviIah, aiu& drawn Into the
fireball as it rims;u meni oti~heawoformu partilaso from

the dilsintogration of aI bulky lover of liquid material -or .
are otherwise melted before thy entnr the cooling fire-
ball. Certain other pnrtiloes nre nieltald after they enter
the fireball, some are only partially melted, auvi somo are
not malted at all, The dogree of heat treatmenit received by
the various types of particlesa depends upon the time the
particle entered the fireball, itm trajectory through the
hot Sges., the te mperatures alonig-that trajectory, and
the particle,$ velocity..

3.Thu. larger of tho melted particlas collida with nddim-.
solve the usmaul vapor-condensed particles, thuus acquiring
the radioactive elements they contain.

4, adiloactive elements ftat remutin In the gaseous state
during the timv these Meltad particles existý--bth 1i,
when the fireball temperature Is between the melting and

--boiling pofflic dOtWoe amui-vaporcuinsu directly
onto the pafrticle surfavem to form diluls solutions of the
mutually -spluble oxides or compounds. The elements May
molldity as separate phoaa~ in the partic les if the con-
centration Is sutfialently large, or remain, essentially
to ad impurity Msito i thu crystal or glass phase of the
larger Melte Particles.

-- fk The latmntuoiid-pariloau to arrive in the firireb*lltillide
with and scaverge tonme of the remaining small particle$,
whIute then remain on the surtate. of the larger (unnmoltedh
particles. aSince theme sild particles colloot on their
surfaces othor pwrticlum as large as .10 microns in diameter,
they oan alao vapor--eoutdene on. their it-urfhacs 1-he morn-
volatilo of the rAdioactivo atom. not pro viotjely condensed
Into the liquid ptarlirlem. And, since some of the fission
produtkit are rarv, giia elemients., (fise latior tylpe of cooi-
donsaflion proceeds ~is long ax theP particles and gas Munia
rc-main loic-her,



'I'hul p)trtlU ll t, iniHlo tin-t i ain i ly , I 111.i hough giving I'litioll 1h11',1mit t, ionl
on tu tr lli (u|o fth iMout. iiIuium olln on tho wily tholy 14'(o fornlv dl, gilVu no
qulitiaLt~tivu datil• anI Lto I'Mlllio-Uuh rilJlORi uiolvllool~tion (dit _ !h n p rtiau m, 111l11 onlty

n linitlud amotint of u'tlnolneIiod lnformatln'i ii nvnto lnu fAcrt I'vom t radio-010liani
analymas of fallouti put'i]lu. The fitat inflormation of this kind waM reported
by Kirna"rn' at R1, who Iaeontawd molyicy utf the fallout from Ihot Bravo,
detonnted on Marah 1, lIJ4, The fallout for theme annlyaoa contaminated the
Japanoes boat No, 0 Pukuryu Maru, Rome of the particlca, called aihee or dust
because of the white color of calcium carbonate or hydroxide, wore obolletoud by
the oPew of thu ihip who ourried the material buak to the Jepeneen mainland
where the analyses were made,

In the. report, Kimura chose to refer him date to the thermal-
neutron fission of Pu-230. The data were reanalymed on the basl of 8-Mav
neutron fission of U-238 becausa of the reported high abundance of the nuolide,
U-237, presumably produced by a (n, ;n) reaction on :11.205, In this inatsnho,
the Pu-i09 was presumably produced by a my ) reootion on U-238 In which
the initial product, V-20j, hAd, to a great degroe, deoayed to Np-230 and then

to Pu-930 by thi time of the analyses. Kimura ' data are compared with the
calculated activities for U-2•8 fission at D + 25 (25 days after detonation) and
summarlzed in Table 2,.4 The ratiomaof the obaerv-naceniioeit- those
calculated for the rare earth nuaclides, Y-01 and Nb-B, are, greater than one,
It Is clear that the percentage of fission product aotivlty mising is greater than

the 17.45 percent unaccounted for in the sample analyses. To check~the reality
of the high yield for Nd-147 and the.low yield for Co-t41., the two ion-exohango
elutton curvee given by Kimura for the rare earth nuclides at D + 40 were-
Integrated, giving the following porcentagei YV-I,, 10-21 peroputi Pm-.147,
Nd-147, 3-10 porcenti Pr- 148, 15-80 pefoentt and Ce- 141, _e-144, Pr- 144,
-4Wou percent, These values agree with the calculated percentages of Y-91,
-1 peroentl ld- 147, 10 percont; Pr-140, 25 percenti ,and Ca-141, 0e-144,

Pr- 144, 48 percent, at D,+ 40, Thum it was conoluded that the ratioe 0,88 and
1,O0 In Table 2,4, for Cs- 141 and Nd- 147 respeotively, do not Indicate a
depletion o Ce- 141 and an enrichment of Nd!147,

AN uming that the rare earth elements, yttrium, 'iroonlum, and
niabiumn-r, In the co-Mact ratios -fd U•488 f(idin, their grbas contribution to
the activity may be used am a basis for estimating the relative depletion or
anrichment of other fiauion-produot nuolidep. The data of Hollem and •alloul
for U-93-lfloxion products (with adjustment to the fission yields of Table ai)
were ned tv calculate the percentage of activity at a for U-8OJS fiailon With
S-May neutrons, The indicated unfractionated nuolides contribute 48.9 percent
of the beta aotivity, whwrel4m the' n-burved peroenorigo waa Qo peroentl henoe
only 72 percent of the normal fluuion-product mixture activity n•ust have been
preasent in the aample. The remaining 28 pwroent was then either with another
gr'oup of partlqlea or did not condense on any large fallout particles.
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Trhe toll OX0111,19 Plutioll ourv&im rapotuid by Kimura for it jroam
giimplem (n 1) + 90 to 22 worue Rt1o Inteigratud and 0,juottid to the paraentagan of
the total nativity lying undor tho curve A1 D + 21.1 Tho ramultm are given in
Tnble 2M Mlona with the datal frank TPble 2.4 for tnompkrimon. In thuo oame, the
nboerved percentage for the rare earth (yUrium, airoonium, and niobium)
nuolicisi to 05f,4 percent And the calaulated fraction in 40A peroonti thin Indicates
that, At D *s 21, fI0 percent of the total', activity of tho normal, mixture warn present
in the sample. The percentages At the two time di0ffer R little; they would, of
courne, be expected to changek with Lima.

The. eutimated fractionation numbers, r (A), given' in Table.911A for,.
various nutilidem In the fallout were compiled fromt Noe data of Tablesn 9.4 nd-
2. and other eourooes am noted__Zn additian to the rare Vito sle lnts and their
daughter Oioduct., the important olW~ifto in the fallout that wore depleted
Include Ru, To, and!1. Other elements uibIoubtedly wer RIND, f6Actionatod but are
not listed because they would not Contribute significant amount. of, nativity at i
D + al 1and D~ + 2 5. The summed beta, activity for the. infractionated mixture
of nativities At p D +s 25, 7,6i1,X1 disintogrationm per, second (d/8) per fission,
Binds only 79 percent at thit'4amount to promont in,-the fallout sample, the,
equivalent beta: activity at D) + 98 io 5.49x1Oý, 1/. jer fiosion.

Pu..2800 with a 94,01100-yoar hnif-life and formed from the deoay of
U-928 and Np4B89, ham a decay rate (1A), valud of 1. 114011 Atomit of Pu-lag per
d/mi. At D~ + 35, the reported ratio of the Pu-809 Activity to the fission prodluot
Activity ios8 50X14d . The product of these value. gives 018 atom. Pu-2.3. per
flooIon, This to emnentially equal to the number of U-286'atomns formed At mer*
ti me.

The ratio afthe Activity of thie LT-287 ýo-the fission product@ at
D + 95 is given as 20/80. ror the 8175-day half-life,, 1/h is COMO1 atoms
U-487 per Oil; heas the relative capture number, 0,1.to-

0(181ý (1110/10)4042 X 10' X MR.M*xlO .0eap -j 5j-j

0.15 Atomm/fiblion

111inas the silphit-ounting technique and meparation method's might
re~W towvaien P4tattvtyrotative to--thip tot-pi- -the yield of -U-13O

(or Pu-2891 in the sample could well have been larger than 0.3 Atoms per-
fissonI For' a broad energy band at neurtinp- oentering At 11bout A- Mey, the
yield from a (n,Y) reaotion'on U-038 could be am much am 5 times the yield of
the (ni, 2n) reaction.
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Nuoliflo Nao)o 1)+wi IVn-2 ~luaed

1(r-MO1 (0) (0) - 1

9V1( 0,U27 OJ14 0.34

Y-01 I M, 1.0 LO0
1( 1,0 1.

Nil-On, 110 '110 .4!)
Mo9I (1.0) ~ i.0) 1.10
RU40 (GM (1-0) 1,0

111- Iofl. 2 0.14 0 10,141
* 11)40R 0114 0.10,41

Ag-Mi 1 (1,0 (1.0) 1.6
CC(IP -liii A (10) (1.0) .110

111-1 1 (1o) .(1.0o) *. 1,0
Sn- 121, 1 (41.0) (1,0) . 1,

- ii1fl 1 (1,0) (1.0) 1,.(I
Ml-ifl 1 (.1.0) (1,o)) 1.0

Tv~70 1.0) (1.0) 1.0
aIaMl 0100 0101 0.27

T.-ih9 0,0) _- 019 (b11 it
0,10 0100 0.14 n ,24

- -- ~. I1- 0,06 ol~11-- - '-0-1I -IV--

X~lflI1 0Y (0) 01

1in-14000 --040- ,!(
IN00.40 o, no 10.40 1

(-4 1 10 11,1
(ýT-144 1 ,
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H~ii -I rlI 1 10 1,1 110
1,0 l.A 1.0

Note Ij I tlrnudrn

Noto 2 1 *mi'etnintud lt'noni o oxucungo duluon pcink
(Inotivity IptNurcaficag nndI (rom (into of m(ootlo~l
2.m. giving~ Uho roitioIlntly -11,0nnN fondtilmord
olinnom numbu'u I.1 2 , J.11 I, 129 nu :nd 100, voo -
midoi'od to ho in tho ratio o~f I i1.31 2.2.

Now~t Ifi- 1F'ibm pll)ot of P, (A) yv(tiImu thI% tin tf.Ilf(3 01
u'n ro-lgnm IproIu1Rimne,
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Tndhnu( 1)irifif~vlto dutno. til tu r I'l uto ton14 n wmi th 1' it 'llp~t) njtnI tmt'I

raudlonaiu vo nflrtil Williwn roporcod hy Mmildkn wiri vowokv rm III. N IUM)PJ4  The.
11inple piirtiiomo woriu obtillnvd from ututnaloi nlo fi ovrdl iqilmIitll t, 1.1wlfle Wti

Proving Ornunri44 In .10)M. Ini tlllm miltiv immlywim tII't IWdt for only It fiow

Iw'o iuptirto~d. in oruldifinn; tli' wrom44 viotlvtty of' the portUulum Is nivilmIiutd b~y
timing It Wall -u:'ymt~fI(WO) NI( TI) mutntl Ilatlon utiunitir niiiiti 4 v ighl~~-pI'ommu I,(,
Argo~n gas (at promuuiv of (100 pNimi) pilliift 14)11ipurttion almnlrn~wr,1

MR11,Y of thi4 paliflaano werrv W019160 r)r MIA' thtpudft u()V~u Ipj
bo0dotormiinud, and monlo~ Cd~tit on gromil umaiplom werv !Nt-Thod. '11w mo-9O
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pa klm td yluiid vnluo'IM Muffialuintly cloam to tho yfoldl for tlhe M4-Mu noutpon
W --T Ulltn no nutani. orfh valicioprtud vililuom worn mqoui'orI, 86111 L
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I -j -at -mt f!ntlinl l'UqUIVQITIilL,(il tiw ;or hI'iidy 1ti

iaotivc Plirtlohir wrom urnod In -1 1 MNraportor 1111iItYA0r. hb Ilitni thu r "fill's4

n~~~i a~tobh ny toIt c ulornrpiin" of the liu'ger piwttclonm. lInwovne', tnvcn With11
thi; b1lu, lif ih i'o~1m" n, ' Ilrnooful In 11lun5trodtig~ Clio pumNihlut I'ill"R Ill vnh10imw,6o
"all thcu m iitmirod qu aincUitio m
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- - doutly nO l'w'tm I Alli (11 two tyiwrn n of-Ji 141,0oi 1. tOw Ion i v i tn 11111.0 doNity vni'i'('itl(lonm
wciivu iihtettiiud fromi unpuhl il 10hn (1ntp fn~ port lolu fromi lult' Alumt "0'(t of amploN,
It Im qutiU Ili 1hat~i-uiai pmljoii'$hi litiii- ifm "-w" lviy- vow, (iifturnigJ1 to 14t1141

typil of duciviy vurilli'Vtlt' tinrrnu (burn t II~~nWill tml t'l 11111 Oipl oly approit) iIll t v,

of tho mo'tof p11111iumiI N~c lilt, (11A, l 1ornivtiu'lotlu l of1 I'intfhrn''Ill Ow 1-01tk'u'Itul 111 '4h1 f Il viirnlltvItyiith 'ttou gnmim Itll' t'iorit'~'lI onrliis liviiv of/4 'ht itt'
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~~I~' i P r 1o 141~ i'r)IHI Ii( h ~II III vn Io l~ ditif tu t h'I I limttt'ii Oil niti11 I ll' ' IIho INii. o

fiouhiori, thin i'titto, £11l ni iimondpirioutp v IP.t~& IIKI moit~l fiotiotm oI' 1fINIntiltioll
butwuonthe11( two groupm, nilght ho loom Ini'hiod* III fily 41AMo, At 14+70 thtw a(tivilty
on or III tho I I'Prgulat' pfi ti'tION omIittLed m~oPo hi (1h-ellirgy glinini mitypii thani thot

The~ thtird typo of vi.lflMflUIntitof or Clio two typem (if pftrt~hiv16 Is the
C'om1parison tvoiuit: p)01 mnintto (131m) por fimfton of tho WC voloono or, thet maf psir
fission rfitlos. Of clip two, tho ill VI~.!cVI'T1. pINI CtM!I10h %M18 1,110 Ifljlwr ditffOrOl-
tilatiof, .Iiuuo. It n a morvo muniatlve inouroa' (if tho total Photon viorgy omitl.ted
frorw the mix~ture. The unfrauttonatod flMinonnlwotIuct nihixturo fromtiu~1t thornuuI',
noutron flooldn of U-2111 giyom an Ion purrent atf 119.140'" in/fInnion-at, R4'~0,
Thus mholci 13a within a flow percenft of the ion t'urrent 1xiir flosinn for (he tin-
frntictonotvil t'im~on pi'ndtiotvs from M8Mttv qviotran fimmion or U-2IIM, The valtiv,
110.0,111 ~. nIn/ftmoIon foil tlio fumlU'( plrthi('mIOindivatop that If Mn-lit lot a gaood
fission indluator Clio rointivu tibundanvo of tmanty other nuolidos n thituemo
parlilels IIs low, t~ho~valual 115AMWOlU mrti/fistnian for tho Irroguirar portleloo
ttniluatoem that thu rolfltivo ithun~dfhino( of thia other nuolidem Ill hig.h Tho Mnot thaI
tho two valuen do not hliv it menioivtflue noar fl)I0.x 1"Omrnf loeinon moult ho duol,
III part, to Ilia promativa of litudnood notivition.

M1eteilidn i that tha two typo. of pn rtlMilo togothivr aenontsuom emovi-
tinI~'itl ofhv nmm~emt~ig. rtcionulttc' tht comntrihUta at 11+70, nivi thlit

fill Cifthe~ m hIOIMinimiaulitni n Iu d oN-1i h 'iI~ttO~i~u' Ail) n
ty-2111 ottol [e mif P1m10otd from

'11 (70)19, ludO* A~ 7.'? 4x 10U C( 31 0`1i RXI0t 1  (u

woot rip vo~ 7) Ii thei groom rim. ion -proditoit lonmantion- into froationnatimi ni mmii'
ait 11+70, MIMIh r'oil INw vinihination of hoth 1warthivo mutin tou ~pproxtimattxy ('qutil -

to onoli 27.4xi-i In ii th-iotutu t'ti''f alt 11+70 Vor atom or V-2109 ot-mvro t me I
anid 0MAN 1 0"111 I-inn l' ftwimonlet the geomptriv monn vnlue for tiiu two type. of

idot Iing r1I (7() oniuni to-111)0 KILyom 00(110) ortpiol to 0.7(1 Hisiti the
fluthurn infliaopt haIt CIP010) Ix about (the mnnie. for bo0th turtivlo t~ypoet, I',,(?0) 141111
he h~nuk-n'nmpiubud foil pliil tyii.Po l 'the Iho flet' Ipartivilo in11 (701 I, 0.2(0 find far
tho reuaipree it In 2101,11 Thu fmm'in-prodmil novitndom II Lithe lrro~wtlar
pnrtiulom, thoreforo, vmilt about 11.3 Unionmo.rnoe' pnami onorgy pot' fimolon
(ruvint ive In Mo-ill) 1,11111 tho MNpho riotl I patlee iIll.tt 11+70, Whon vii Imuhotou



p(1J unit 11mm iii, 4.11( rfpotil-d filcily 111riM of'c fill thiwoi iyjwH11 of' 11ci c1,i 11,11 cirIni t
appi)1olituii 11citlc olhoi III ni.icout (10001 hoicci' rili'tur ft mmionh At i.IWNV iicinict hiiimt of
the Ionkiittlonc Ii., duo t Viiir onid Nh ocniwIirdvm. HVIN'i(, 1,WOtil-CiWii VIuIIi'ii't 1111111101

he frui utioni tort wi lb rnmpolrci In t M ua-111 nicd IIIit-hur i Illi wihuit (1000h 'ii n irm a'ti
finxtin t'lr, II,(' nt' o 1d1rilfog'inem III tho 11hl0th0it11f1M (311IcItI'vd romy Htu I-wr tyicu of

¶l'ho fourth "oni)I)iIrmon IItoviWV 1,114 Mtphhricni 1 nd I rrog~ii mr t~ypum
oft priprticcmi 09 I l y thellu AP(niI flo ccottvily, At. f1+747, tho icin current pri, a'ill ilga'n
(MS) of tim fuiwod Pul-tile"u IM 11hout 15Iini timu 1irg~uv than thnlt of thc Ira'rutivinr
p~rtiolc~. iN tldN ulalmniuflutiohl, thu maniplu- nut-of Irroguhir partfulvm In given
an Additional nrbttrary suboltimmiflonttion by muIectionj the onrttloou With n vory
muw apwvui-Vciwtvty tire xmntud--out- Thu ptirticlem mu molvirttwd ffur uliminaN
tionatro of tho typo round In the thin-moction onnalymoi wlhorr n nmail notlvt'
particle Is otheervoid to lie ntncchad to n larger' Innotive caorni grnin. it ia nliao
paNmible thnt, hand morei pnrtitili. boon nnuIlymed, the number ditntriIbutto l it
zaoidfic¶ Activitiell could hove filled hti thu intprrndinte vnqucim to givo n brouder
single dtifftriution.

Thu oepucitlo notivity of the i'ueud paritniou in te'rms br. rI'mitono Xiir
gr'am, based on Mo-91) ytoldo, Im about 55 tlmcm-thnt, of the Irrugulor linrtluelem
Sinlce the Ion curr'uni, pur fiwiola of' th, t~wn typoc nof pnmri;Iuiu Iuoniwi tiqhill
ot about fl000 hours nrttir Minion, tho ion ccurrccnt rromn the Cuptiri particcios Is,
on the aevrAgu, MAlimon Icirger thnn Mint of theo Irrccgiflnr PnOrlolomi

III a Monmo1 the oompnrisono givon mhould ho takon with momo..
rumervAtion bocionusci of the snial omnnpling, on the othar :hond, tho lairge, orrorm
if iuiodtciby tho xLtflrd fiovtntions do not IIn thoinioelvem influcincic tht, validi;-y
Of Okii noutm fioM thaodabi. Thauci devilntiono ritthor Intliontle the 6rondth.
of the dIstrIbutionx In the radioacttve ciontoati of' 1111 fallaut PjrUetluv or any
other parnmotor of congcern, Thus, the mingle -pnrtiol v cintn of thin typo ar
vary undhili they pi'ovtctu fIetnitoIi(informaiition on the likely nnslturci of largo.~
NAmnple disributionn,

1111 rroviIltlftion, n.'Imberm-for mnas nuirborm MO! anti 1l40 for some
of tho ocral pnrtilelom, nro givon in TtibloUM,N The valuem given hi' Maukin nnrl
uoworkormiq nro iinriocatod to o'arromppnd wo tho YloldcM fromn 11-211H CiSSion
wit.h K -Mcw noutuii1,i1M The orIg~lunt 11 vn 41 mu rIvul'inud by

A

(ca5~utitnt or maims A Ini Hai PIC) (~Con-ent of Mamoi 99 in SAILnt4).

4Vl~id~mm A In H-24 (Imi unnM/Yleid of MaNN 9() tnt435 iiManton)
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MuMMARY OF IrUACTInNATI'ON NUMhIUiMP 100n MAMN Nt1MIANINf

No) AND) 140 IN 0011A T, VA UOUT PAlTTC TIVA

A. Fumed Pailutvii1

- - V/ 18.8 0.024 01015? 0,1628

Ym 2fl.2 0,1) -

yo26.9 0.020 0102 8,O

29.0 0.00397. 0.01A ? 5
VT 132.8 0,040 0114 0:04

yz 31380 0,041 0,43.41
W-I .08.8 04114 O'B99,8
W1 40.7 Olg
Wo Min 004 0.90 50

13, Irregular Partial..

W1 34, oils.458a
Wl- 9a,7- 0.0i%4 -- 15 2
Wx We88 0,130-
0! 98.4 0,82 to. 713

WI190 4 ----.4
WI 190 h7 - - , 5,,3

W1 goo 2,13 816 DO13
en - its 2s,8 4,0 -7

* ~~U-2388fmin u, (U9l llo-

RD(U-2138 Unlion) 1.7 go.(-35Han

? Questionablo vitluum, not timad to onluulate meants.
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where Cho onntiint, od vio'ldoi mmr glvon tit Inrwn nf rint ivity tit it given thn ofri ~i
of number of atomP lit Y'aro tme, or, In tormm of it nommt Ynttt, from it onilihraitod
ftnalytionl procedurel In whiidh ni foil of 1.-205 Irn hom'hnrmed with thormnni
neutronx. The vitluem in the table mhnw thAt., rcilattvin to maxiii 991, mommr NO witon
very muoh depleted In the fumad particles and woon enriched In moma of the
IrrogulAr pqrtialeA. Vor mama 140, the enrichmrentsn In the irraguliar particles
were an high Rm w facltor of 4.

The corrected fractionation numhorrn for thes gross-ftilliout mample
collected near the bitrga-mirnmpie pnirttIoAl~as w.O,001 for mirim 80 and 0,1.2 for
maim 140, Theme valuesn Indicate that mio.t of Cho aotivity In the groom Isaniple
warn from the turned (apherloAml) Particlesn. 1300aurna mosnt of the reported data-I
warn obtained from large particles, it Is not known whether the high fractionaition
nrautborm are appiloabloe to ofmall Irregulai parttolom and honas-to locdations

__further away from ground zAro. At. leasnt, In the, liamplern1 further from ground
more, the relatiVeL abundance of the fumed partiolern was doicra~med,

Inthe irreigularL pat oe, the relative amounts af Sr-8S ind Ba-140
were higher by factors of 9 1.0 and 21i.0, respectively, than- they were In the fNmed
particles. Thoee rattio. arc no opairable to the ratio of the Itf47l0) values
for the two types of particles. ilno.e the latter referm to teraiv oiAtn
rate at IM7 hour.o'nly, and, of course,, the rip, values change with time, The

-fractionation numbers for the irregular particle. appesr to doore~ase with
patceMass (or sume);I no cioMment can be made on the deplendence ot the

fractionation numbersison pArticle mass for the foxed particles. beoaiuue of the
e1mai1l range (W, ,t.8I mg) of particle esites used,

Oorelastion- tfriactionation- numbers for fallo1u1t tra~m ralittivoly
high-.yield detonatilon.s on the srnuface of corall inliandrn ind oij! ium water are
reportad by Pr~lingil 0 I the report, Preiling mentioons the identification
of the 'Induced acitivittes, of NA-94, 1315 Ca-451 Dr-8I9, U-!287# U-240, and
Np-289 although no yitelds are give, 'The presenci of the lott three Lnuolidiag
suggests tht much of the fiurnion yield was due to the fihsio i of U488S, The
correlations Indicate some relationship among the fractionstIon'n nmber.
namely, thatoeaiv o h retfracitoryL I elment. the fractionation numbers-
of th volAtile'elenients-increame or decreasne mart or tomnrnam a group. This
could bo due to the relative composition of the grooms iaamplýswt epc
to the two typeo of piarttsiceI an suggernted by the data of MaOktn for the coral
t~llot~tt It could almo immult from a timel, concanration, end tsmperittijrs
dependence of the condensation procems for @Ram~h Particle or pinrticle g\toup.
The correlia~om Ieec~ i~d~,edo epn~hd aO n type qf enviran-
meintel carrier material ini fOrming the partilooe.
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CALCULATED FRACTION Or MASS CHAINS 89, 90, 117, AN11 14nl CnsVNSF~nR AS A FUNC~TION
OF TIMIR AFTeR FISSION WITH INDICATED NON.CONDeNSING ELEMENT&
(Sained on~ OlgtmdamnAIt Pogutuinte of Indepanidont Yisidc)
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The sccuwol metphod, halter tor vory small particles, involvod 4diM.
Irtximing ilha particle. on Iho lackso of photogruphie sheet film oprayed with

aped sOd lined toy brushing the developing and Osing solutions on the emulsion
aide of tho Ailm without disturb~ing fth partiolos on the reverso side.. The
radloactive particlets iwn ware tossed with £ lowjpower bnOcular microscop
1Wy1t16 dark armas alikhe eqsosd. Jilm. Ith slrlppilig film anM sInglo-cutmle
X-ra.y (11m war* fowWi suitable for this method.

The thin nations of l~in~duail fallout particles wore mae& by
c"Iast them pafliletse i plastic cylinde, rs, veifts suta~n rnolds.-uicl-Whr_-

pufil~ahwasexoaywd, Tbe. expos" sum"s Was 1"e poijabs an a glass Plate ... ...11

a&W msanetd wilth Coas dW hnt to a glass miolroecpe elide. ThW0I tsoher
and of tbo cylileto was gmaw down until the thin otion of partilel aNd plastc
inmalpvng w"A-au ý10 islamos ticlk, The *hiclowus of th thin 04tin1wa
atsinaaao hr o06emqiw with Ase pstrngrlephio mteose, the binstriqgec of:

-_~---=1-- requral tbkioksmn. timuAtt .1mw. at grqlsh-wtdi or grW Isnterferenc olar..
The dlatr~hlbul of the radloaailylty withis the Whin miAlt was

dssraiedob rslmt~ mo idqun using fltasa NTV utripping Miss. For
twistK ft." "mmtonn ntamd with q gewlulu-1Os onwtt or Ispaod to lbs
U4s Of ft-efibs duulagesOW ur06 - -

,~wti~~strna1cntb ofaltruweanditS, oourniiaGsee, the shot-
-- (sat ocomposition of ike pautjolse. Te cowaW stnftvree nret'a~w idoUtito W

Tesoe cad oompotc of SsewteMotptliawsdem ad
byu urn 0psa 1 o0 MOW ib. -deloped by1 Fuarawim ho served bathesA01"
Weaxtiq itte sand asolyetta device. 0,.d No~t edeasp wa0ha 0heptielee

* ~~ ~ W be col m ailed IkgjULj OW involved no anuls recovery probleMI.1in order to

us0sunly ssposed by see of. ooit g #pou sol"or Oad ech'pisee of flt suraW WAS
sXwWoeeerlafl for a pro-sei, time;time CoUetrs usedw a q1iraular pins of

prest insg liquid particle was prepared by Impregnaing one side at, a commer-
cial e~ali -eUd4 flin (such as EtmnTpI(Oi; with rod uilvqr

dicbromute The filmn are over which the mouseM occurs warn easily meoasured
with a micrmosope. Since the reaction are* for a given film Mprwartiott wus



ofi fallout, It wail g~issibku to dotormino a calibrationi curve tar each film
propisration and thus tou dotermine the amount of chloride in otlher drops. Tho
method was useful In 1Kw deteormlr~att-an at, I Io 10"a mlorograms (Nis) of adliuni

.'Me hlvorlde-sensitlve reagent film was also useful In determining
the water contact of fte drop.. The measurement depends upon the presence
of some. very email insoiqiblo particles, suspend*d in the drop. Bach dro-p
"sreads over- an area of the ..l -en i 1 i m@ v olmq n, *then d ry, ithe alk!d
rpaiduns remainang (alld an 41artlotecI) forms an outline of the -maximumt
apreasi of the dro sucih as diashown In Figure 2.10. The film sca be call-
bruled by suspending some Insoluble sold particles Iniisandard chloride

soluionsend uptrtlo Ikeaiflre o thefil .Te obtlorWe-rsoatotl aresa
dekarmlaes tbs water conlant of tie droot lie area of tOe rtlfant. 1-0 *en-
measured. This technique measures waler volumes as moall *504J mlwro-
nilorollter (WAd). Cwnýpersu~vve exla standards use allimmiamxide
"qwnpMenui Osp~reard (or esat~ng the amout o. solids pi'eumnt in, the, reP.4o"

everal propertkes of M*11. particles can be-Wafrred from We inter.
_____ _ Actions of themdiulements with boqel#tm-uhathupaeof-

ceflala ftauica-produtot oelements by plants and asimts. Data on these biologlcal
regatta, Use physicalproperties AM M~alout pertipesa, aod grouind dlirIbu-
tie ofb sshle a falUvparucles fro Mm WOmu dewtioato Oiulsiy from
4MWlied b lsnwrtelest devices) hae" bee simensrlued by Larson urn

Net a ns~a, Nmaey and Larson' Thebaste hsformi~on ndei
frlsp sl snb s tosereortd y Dusy' ulap q adLnbt

(lee Reirremeo 3m a Sd $9 tr a store complete bib]Iwjl y o-Urn~t oW

The *"@il Wb~hQl popAeutse cC Mh o a~t particles inferred from'
4he4 d dad~tates Of mat I Iereiere are thase that~ni 11estM the -alilg-Ut
brirmakspmoeswith reapect to the disposition of niiulrdoleet
ins th flout particles for diffrent ceodltlo of detonation. Data dasoribing

lbs coulamlmtlon ~~~~~prneeses ore also very.ipratI nesadn h
entdre fat~ma process, Including the majorfactors that determine the fate of,

t~rrmlMI~tens.Redlooelummntnttich are oodensed -4 theo surfae- of
fallout particles (o.e, are notfused Io thte interiors of the particles) are avilg-
able for wv hsM by nlsuli end mm~ai1mAiu "i w nfwrmhfn anddf dat-n-uptake-- - _

- - -- prouweses siso povade usfurmtattim abut~ the fallout formation prooesa and
the cootmiamluato process.



11n*ri : .i 111t 1111m i,1111i 111 '" i Iiy W 14 -11) al g ,1i m *ii lini I',w tol 'n r e I ii liy In i lao.il
liniftli'l- W1PM 1P )rC)rrloi'111M ItRo ieli"11inl I114341,. (h invoivein EII10"(0I1111ol
in Wfloir, toIINP fit,11 rtoo r~ni of Wlitnts, utahon through tb. root system to
tbio 1guinnt lops, tind tlwnOa tWe tile animal that Otsu~ anow p1ar of t1 plant. The
N~iond inf~tth tnvolvon INu iirool uaNN111mlinlon of the altemntvb the plant
Iovonvawhich nro than Paton by An o~niqunal The0 thirid path Is the flirput Intlaku,
wiwn oaton-ltq the nnilnma, of thu failolo purtialop that ramnin onl tho surface of
plant leaves or other parts of tho ploint.

An gwoniwi,-tho dl luuol iton proeima -]rhe lnn rpo rat orar d clc-
ment Into the parts of- plants oncucrs in ntutrl ý(or At m110s slightly a uldla') water
iyalonw, The possitble eguqptioc loithio procaum is. rau liolmllno, whiuoh, in air,ý
;lonilm to volattllwcas railtliy an lIt I formed by the fioofly of the talotr~itin -

parent. In lb.o vumior tah' t'Adioladine omn ruena whit s-mvtb noi'h rganieop~nirinl'tmpariiultvy eaddtlaon t9 Ustnunirated hydrouarwoNs iwob a. a lear
w.-ilirfhoo or-doonyvil organil nintier, This WhAhvior Ahould idthut. th. null"~

liolw_ 0neftintliotriInOplants (rclative to thu 4-her 0temoltAN) onl Opevol

fly contlrast, Ihve (ii1 rn~tiWon praounai for the utq~i p~aAthin#vofri njj a
ItIIII-IW no an anlimal that onto the plant Pavia on-whfth tho fal lout paullatun

4,40d~jWI~ pgieidsinnq tttor j.... m atof the innA_ ' I1 tV'
trac. M~unthe tomch luld ar nedf~thliv diroot path should resuelt-itn

A amm tlinranfr or radlocirmanta from fianflouw pawitr'h (or Oroiq or
Omrttlela) Into lheb. hot Itisuic or the animal.

11w gross flooton-prod~thi uptake 1by radisatum from a Pubeurfap.,
Metnation tit the OMnevd 'uast-ifte, Is found by MAIMht flontine, awl ljwmaon~"

1oic 11wutherai on andr th~aen tp o the Nevdael it1 vguinwtiI
preomiatql 8 patyn withve glwueata hn4 irown I an th( e , roMnn ud

__ aluiit~yof11wflimn-poduatmof arrelaather"yI' ih4ao purlale I ffraite tow f"nthe
40.1 I01fth-onima, St the I avi dity ofcieat fmm Ru.UW lvr(Loiiifthuho. the _ _

fmallow, am comtparted ox lforgii n new. As otrrw on an n tuila qrun
WMead Toutnciltowb epnent lonatin) woldn u'auwe Anod " bou seljlOty hito100/-

Mf th o if""o o aonrcd Adjaperant tof the Nevuiiix ond Rthe vegetatio n w re 44 midrn
paormesinaiy planutiolor Wt.imtr*lute 4 iros W rs

7:'lx rwar-omk



'Ilii v~iiiis oil Ihi i -10 % W4~ ii~*sfsilih' V/Hi~ld variy 00,I (11) fh'ilij, ' 11

iH IT 11 g l!" Y V eb 9B IC i j'I ie l si r i. 1111 I II I (41 ) l ilt, i pistrim itili' ii I I9I'M C s') I 1 111 1-1 11 tiit-i(p

i1111ifw 11111 rc 1110111,o~b tt '1154 (1951Pt 11111 fl iluii '('limilli~l liv Iy iiiI11 ' lIitit
flii e! NI l n Iri tori" hitIllyI 0i ols o~Ino 23, (. Altifig~h lilt, Ofiili~ itiil~y only lip i Inewor?,
tyYiv dtiot(Sloinf, iiiip' magInhittiie a of o t'olntivs, twotiii, even tim a mitodimn
aut5gI'NtN that Lhtflrho-l ~retif~mipoku path would Rillo pr iti40n1111 lgit4 foill Iliiilotit I'll

111he tiriulor onni-I i t m inu rmirmw t illfrisu l Iin 01V ii14ol III,io Olidi tj fil I

r~odnts taken from nronx nonr tho, Novaitn Test $Ito on which amnli rfnII'wt
pfirtiloes tiepooltei wilhinp the first inay artar na-e-aatrih0nnion I itiudenW Itnc,
strronjtiuM, yttrium,'l riitthinfiumcem, coha. rium, atili oiqm" T h Tin'tissu
annaontr~tlafte I ,naraloios withs nHiaanoo'Crom shot point up to mn naimun I ant I
thon -ti" rerased agaln.i Tho niniiinium tissue ra eftrtoecwriywurd
Kt trovatione where the fnilout, nrrivni time wks about I in 11l hnurp ''~~s-
ýTheso'date Indicate thai ihe (inatinn ofih thavoii~lm-onto onl the e'xteriorf or the(
parIticles iiatalhlit fo uptieIrni(( nsiofl'ai With ciooI0lyeasing t~iao0 im s%3Moro

___- rapidly than (he total amount or rfllout, deposited dooreaqvid with difitanvoe tip t.- -
___ s~~otndm tie Af Arthr istanos. the doureaso In tho dapnouit level pru-

ntominittad' awl the Im rtii of uptake lo derafdwt ownwI~ nt~lstviioi.

-~ - - . tt~e lbidialolotlnu was found, to he on to 90 percent of the Iwtulvliy In iiw t1hyroid
timpof Witve rodpnis.38- The rutdinalementu rotintd in OWthe btt [thiout of inch

-r nabh it at ab o u t .20 d ay s a ft ar A to w e r sh o t a r e listed In T  "'allh 2.1 I n 'w hi hatnntimiajil 4pprinxnata fission equivalents taken1 op Anti depositad In the boneotissue. The rplotUvely bI uptake factor of yttrIUM, ruthefllut1,and GoCittIm
0lat, column, of the ta&ble) ii probably duo it) both a lowo ut'sibility-In,. the rabbit:
(iffehilys tmett (Ii~peotally if the ro (A) vWles Oro assuimed. to bp ao r rooll antir-
ýa lowey' retlention of these elenmeNt in the-hone -Ummit of, rabbits.

The" main paint of the dita Is tat the ited rmtlieleirniuto-we cli~olvwI -

bys the iaiddoa digestive traot fulid. from, onall failoht particles that PASS throuigh
the pit CMher radlocwoleents Mi Mallot, hott not linted. prousumabl worý' not
dissolved in appreotablo or fligniffewit amounts. The listed alemonts are -those
expobteri to he deplitted In tho largar falloutl partloius,stnd enriched In tho

- __smaller falalout pltrtiolos. replativo to the Other rofml'mory typv fission prfodult

The offects of detonatilon otndiltions on the prioperties of fallout can he-_ -

1It"14iVitd~ Woiiuuur qn betweun U wrIlpzi frkoir ... ........ I tar"
(IOVIOGN (1.0., low air bursts) anti towea'-mountorli devices 0i&., near-surAtev
litirst.pl"'rTho lotni flnmitflt of local fallout tlepoohteill, tiji to about 200 tilit's
from gr'ound M4Irt at tin't Nucoinda Toil. Mite, from towor sictonatilos, hits Well'
ohnor5edi'V1 ie to3I 0 to over 10111 Itop' tlie amotint, Ii~um'orm fors nis' Imi rmlt Thent
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lower fallout flopoa itiloo froml thu aii' ho rmtm rofluoo t-ho (not tilt thu Niymm iof

formed tol the nun r'- niv Havet hu ext.j' Fo 014 (imaplu. ill motno fol lull, O flilphl looI'ln
towor datonatiore rlbouti. 110 porcent of tlia waip~lo notivitv iN foundmio partivulN
with diameter.x loin (lion 44 miuruno, ond an much am 15 pturont, on I1MrtioliiN
with diasmeters asson than 5 microns. In samplui fratr a balloon- eupportod
detonation, of simlilar yield And burst helight, about. 70 percent of tho activity
in found on. particles with diamotot-m liiil than 44 microno. And so much no
58 percent on particles with diamaters less thaoo 6 micronsl

The Average fractionation numbers of smem rniliontiulidom ini faflol ttou nm- --

some towe.r and bal loon -supported dutuoutiod's oru Sivan In Ta'ble 9.12-,y.elatlvp
to- the_ refractory Zr-95 nuolido and, to the: moos chain yields-for thermal neutron.
fission of U-208, The values were derived from the *ita of LAVIon And Neeloll
and presumably, apply to pNrtIcloo with diameters loop than About 100 or 200
miatans havino moan diamneters of About 60 mieucrns The values of -the
fr~cttonation nunibers for the foallout f rom the towo r- tottnte4_ explos long

__ ~osugest that the ZrPi)O oundenoed more completely than the. other nulildos
Qlthe lrr atls 1 And that the nuolides 61-81l, Or-00O and iRu-103(100) -

- - did not condlense completely on the particia-sixe groups in the obVurOVed -

sample. 'The frvactions of thane thrum ulementa tiot, condo"n-md would thon be
-- - --oonavntrxted on tho very smail partial eM nocUIurrid Wtti much- greater distanous,

away,

The eara general statumant applies to the fatJUnatiun nIUMboi'" forlthý4
fallout from the bal loon- oupportLed detonations, excipi that the moon diamactere
of the particles In itho atnmploo must have boon smaller And that the OP-05 111i

__ - ore-deploted, Thus Otero may ba evep a higher dogrea of sopai'atibn between
the Oory' refractory anid thu volatile fission product elements in- the, 6allo1t Pui'tiulwi
from an, air-burst thtan In the fleaI'-itrfsoo burst fallout partvlois. Polistbig.

cue Of this sepa ration are. () a loWer a neentvaii feuini itln
molid lui'fpau in the air-burst.11yokwil, end (9) a aorrespundIing delay# doui
to lower vapor piveosurps, inmtl uoleoctive condonvmtion,

- _-The gree-Pao 0ubility datm-it terms otgruhns ota count-rato ji 0ui"Umnte
ofthe' radioauIt ,Vlylityi souc groi~es fullaut empu iu a~'everai diffaeu'nt.

,detonation conditions, from. thu dato of Laorun and Noul'l" 1.ami giiv(hInIl Tnblti
1,13, Although -them -im of inum 'rumunat wite not given# but to presumad tn be*
iboutzl week. or so after' detonation, the guitumro mignirifudeso of the fNaction of

- achemtivity which wos Polubla colacly show that Htht nuolidue I" the fallout frolm
____the air-bui'At dolonAilon were. thu more4 soluble, The hWSho solubility of the

ntvity in rlU, for thtu tibu rat allout, fugiatt uuthat Many riiore a ~effenion-
product i'acionutilicluo wqru uciadonsad on tho tiriacon of the pa~rtitilem
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AVERItAGEi' 1011AU(1TON ATrIO N NOMI M flill' I ! HAM, N1*41411 )I~M IN I"IA 1-1PUT
1"I110M TOWI',It AND hA1K1AON-MI11 11011111I) h1I'1'ONATRflNII AT 11111;

NRVADA ITlT RITP

Nuoli5l0

-- Ru-103(lofl) Ma40.
441-140 --- -1- -AA~

TNIU 0~t~oI tW~1q4'yutc forlbeirmal neutronnfihmlon of U-24nl

U ItU0,I oLUFM LI1Y -ov.'AcYrvITY FROM SMA T13,V'A TAt.OT PA RTTC JIII

I S ~~Partial u
Type of Detonation in 1lqO in 0.1N JC W ~ vn

Unsi tid 514' 110-441
Tower-MoUntyd -V- 14 W 10 ~ f4 _

1 44-wca 100
RIHiOPIt-Suipportad '14 64.4,

03, go44-ci.1010

a--TlftueVCl OnL hatri eaunt-rat menmuromolant (presumably at. about I wooks
after detonation),

__________than were oondonmed In thip manner in the to wer dtontailon,_The Mheruv__- __

___ - - ~--solubility of ObWNativity ial ueiiyfor' tho Air hmrat- . fh
partially due to dissolution or the primary Iran oxide or alumina p~i~ticulem
H~owever, the very high solubility ini both water iknd evid of the redihniwivily
on the Iarger porticlem from the Mir burnt uuggeuts almont 6inhiploto aurfacc
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1�NIlfJut put�'tIriIo� with di:irrmtorpi ri� �fli to �i)flui tflh'VIII1M from low I�iwt'T'
(iotfinNtIfinu OIi�fl 111'I'44 llc4Mi lp�ihl� uoluhll1iAi'�, in wn1�r or t�von in �lr'in� in id�

'.l1iei �rnuu moluhility di�i.� on the' *'nrl inficlivIty from �mtiiI tn1lsii�t. �rtIc'ln�
l(Nig�Ir1 on .folfagc� aftcir pnmt� tow�'r th�tonrt1irni� 1 � tMhmi from litimnpy nnd'

____ -- - war �%%�II a;cglvc�j, In Thh1� �14� �I'hr ;hi1ity-wn� iiwn�urod-hy
uuEp.ndinE (1.5 �ni Mun¶pk�. ot dry ji1i�nt mnteri�i1 In 10 iid of i1,1 ioriw�1 51(11
�ftci� th�ii, u�p1ou hawi hoeii ioa�ui�y�i 1 ¶1w muapcrnnlnn wi� iiw.n �1mk�n for
20 nilnutern, o@ntrIJug��i fur 1i�i�1n�4 nn� th� a �rn�ti�i. uai�iIion �c�pnri�ted
by filtration

- - I Since tile dat,' �io not in�1lanta ii a�2nm1mtrnt ti'ond In unii�bI.14ty with di.tiuic�o
f��y�¶ ground uwro. ava1'ag� w�rr�i oiikiuiuted. 7h� av�rngr� fti*4L�.Iflfl iifll�o
activity diumolvoci w�. tho u�nic (14 porocnt) far thcApp1� ih�t� fW1flfl�tml Ofl\ ___

500-foot toweru; Ii warn iirnllor ( i*�coiWThr Uio M�n1;_uliot tioi'oi¶r4tiwl *�i I
400-foot-tawez� The dat, muEgoat that thu pRtlolo liKe' rnInlnf�l by 41w dltf�re',$
pl�nti warn Khout ti amuithmA� I.� thutypu of �14u wwwi¶atdllmi4lulrt -fN-otoI�

- -Ai�-uithor-Vho EVO�I malubility or b1alog1u�1 IA�flako� patenlial of 1�w ro�aIinid
fallout, -

- - ES

The i�.diutrib�mon of de�oui1iwd fallout uiioutd t�4�d em (i�) 1.1w lypo ol' __

- - - - - ]pTa�eow�w4Wob tbe pftr�i�p1�u land, 4I7tI�a plan of tb� i�tu1�i�lvrn, (�4 Th� Ifiletlit
aM ft'.qunc'y of rainfalI� atid (4� lAw mI�frn�e wind a�tnditlon� Th� �i�b1it�
.�sot is oft�n o�lled "wwitltn'F1.g�" rn 1a�I �ra� h�'i�blned eff�tu of'
wuatherlog proacia.. are fo�ind to 1�. rrnTher arnall, awn I��r tlw mmii Thiloiji
partial.. frotn whlah .a larger frac�1oti of the ri�dtnnuoi1eioiu ire anlubiti, AI'i.i'
flint years on widlaturburi uoil fallout froin the TrInity Abut (New Mnxlvoi w�i
uttli ooftfiftati to the uurf�oe iLwn Inchem of mu,'"

1�ernurvvy datn frnTn the mur'fioo e'iid Un(iergrnwld *h'ilu �l. 1J1xirntinn Janglo
(Nevadi Teit Nit;), after poi1u'P to Wilitor WI�dMI Show, anelrn�wirtgrnInrn,
liii bated no uigni ficant ohu�gs athor than-that riuc to i'ad I nioli viufrr�ny ,NI
liffi.iattan ma'rnmurementm takeii duiAlng fllxlrtIt inn Cn.rntlo � l�n1 WCitOl( PI�OV I

-- O�ound�)sni:I�4 em 1.1w Imlands of snvvr�¾itnHa (1wfarornlddurIllR honvy __

the bail. of rucIbuaotivc� �ay,'� Dunn1ng"� i�nd T�pp�" orrimn&n�aly ni1rlhutu
the� rapid dncii'anpri in the' gniiimn rnclinl.ionrn durinK tlni.flrrnt y�i'ir �
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(IIOM O IAJ 80110111,11Y OF~ ACTVIVITY FI'IM RM ALL. IPA L0r~io
I'AITICLF14 LOJ'13E ON PL.ANTIO

b istance From Fraction DimenuolvP
Plaint Type 0- round~ Zr In

I. shot Aiipls 1 (14 ICY ovi 100 ft. wwer)

Artni#Lua jftgsbrisub) I's t
XphWrza (Mormon tog b~ush) 40- 0.37
sphodra (M~armon tosa tusht) 4 010115

(21 KTMi ( n330ft Toweror

T4rrea (Cftotot busb)..5 0-
MUdloao (A~faflklk 140J- 1014 _

a.Shtr lw~ - (It wrT ouIOQ ft. Fuwsr)

- Tritiwn, (whesa) 40.ý I0.11
TMlttoinY -0W)et tool 0,38

it, Rew 'an betat acunt-rats m"UureflAnts. -
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wooithor I ng fiutOne of' 0A ruin to tliv f Irmit henkV ti,itt I u10 1.0 201 IIlYH 1111 Vi V 111' 111AI

daIitimill In apiffirosntly fly oompnitimnWith f iltl Ai11lhjiP1 1 ilu IIt v 11ilvuty II1i PYS' 'hi m
witolotitaprtiltat~f wion hom A bee notd !-i KrnaPPtIn tO fluiNUmphtltSi of' I him Nubjeot.

r -xperimontnil monstiremmnts roporI#od lby Mtllor~nnrl 11ollmieimii& on mol-
Uble radlonuclittem .epopifted on Wain through whiah wntor hams pIjamodnvi tinm
average leaching deptht for Or-go, of 0.71 Inuoh nitvt ptiRNW 110 (1om IilNof wRt'Dr,
aind 1,11 lnchum after passing 1100 Inchaii of .water, Tho movannwnt of ' t.111 is
found to, he only 0.0 I)nch after paxssaew of 300 inallon or wnwttr' oviin In mitnirly.

soil ijri~i anl-Nol~report ponctalonflil -up to 0A1 Inchi 1010 1 the Pfml~alIW
94 Inches of waterl the source of-the notivity used iInth Clo xperlimento Witif nfl

These-d~ata show that the ýsolubto Oadion~cliftco, in almost. all vasott, would
be abeorbed by the top Inch-or two-of-soil par~iutup and rematin thoru tinions tho
whole layer oroded awky in heavy rainis, Illut, ovmnhin this ano'Ceeh nuolidox would
renta.in attoahed-to the ~partlicjAlbte fraction of the nuolide molulilcj fit water in
ouAch ontoltions would be negligibly smaid!. T1he studies of, Thornthwaita, Mttthart
--and Nitakaitwife' show thaR n r Ra~ , In oyvN/v would be needed-to transport the.
activity farther than abhout two inches Lw~olo the surface of the Nol L oficeo most
of the rudioactivity- on the larger fallout iprtrja v womuld ti Cuodp~ into Ith
partioles, the only way ftacould-move -Into. theu nail in by inelihanlual mixing, all--
ocaurs in-Use plowing or disoing of agriuulturtd -landt,

'The trnanloaatian of fallotit pRArtiou on land arbax, by wind occurs to a
small degree- tho exi"rience in the Ne'vida Toot Site, (undut' dry votiditionu)
where m~uesionts in-the Ifallout area, were 1"ade by-oxParimontal arawn to
rocover -falloutsamples,_-warNthat, for entiesao during1 th I frot(ay day_afvdaceo(na;-
fiuav clothes became eantamlnitec wlRbstoall fallouTtprcleaieclue to the stir-

ring upof aurAned s and brushing againit ilsleett OWnt, toIut that, fir entries
-after thu second doy or so, ocnly t-he -bottom -parts of uhdoern(or- bootfesi-pioked up

attadhed to larger particles, or othe~wAse -became meohnnionlly trapped by tho
Aurfaoe iou- grains

"Movement, of la-rge particles by the wind i$ 111u11lly 01"all hivtlue theAK
larger raviyty force rettard. such 01imoveMent. Howevar, portlu'lonin Ihn-tho-
rang of allut, 100 to. 000 microns drift more wimpily thian-pnrliolam of other diiia-
Motors -it thu aurface wind spild .Is in cXOIc aott impi 1 Thi partoo
if dtslacated, may ciarry with them smadll attached fallout lifrtialces Dntta from.,
experiments at tlamp Parko, Oalitfornim. reported by Hartor and 0wenu"' In

- ~ ~ ~ PPA0- ---- hh utilwith ~lrie~nf 1Ww1Whnnu(iqgWl with -bwi)ýw-~-4l}
were deposited on vartlus typos of surfnaue showed that tho movoment of the
partialan an unpaivec tiaram and on tar flnd gravel roof.is II nslgnlfiltant, even for
wind ispoodis up to 20 mph. The movement of Clho partilopto on rindl from patvne



tirsaa .1% found toi he quito largai tho purtiolau &appurvntly niovad in. the wind by
hopping and qy roiling ovor tho emmoth ourfueelm, although vory fow pavU(.'lom
were ralsedc higher ,thnn 11 or 4 Inchos. Thoy did not Jump ovor ourbil but worv
dapooited Aloiig.Uw gutturs a~nd in doproamionis and hoitnd law ohmitrution".

The fraction of the original lonipation rate remai~ningj as nwauurord in
the center of a sntroet and in thie center of R rather large area of .naphaltioa oan
orate, In plotted in rFjgure 914 an a function of the total wind vector (includino
onlV'wind. In exonal of 10 mvp~h) that occurred over' a tdn-clay period, Further
datto of thue Iind on othar partiola sizesn are nooedd- to eaa1hw~hxthp
data of ]PIguro, 2,14 Kare representatlve of the reductions that could occur
gonekial~y In the Ionization rate at locations of interest, The reduction in the
lonlugAtlon rate, for, both areas in the firt.t four days (wind wotoV of1260 miles)
warn equivoalent to Adocontamlnxtlon of about 50 puroonti mome of thlso1 of
couree, warn due to shielding, mince the purtiolem oennentrAted in aurfoac
deprenetons and Alonubar -iel'.

Nom oftedta $btainod at weapon@' teoots on the collection an -

reeto of WIWI;oryiooo byLindberg,
ablt fthe outer, ouufAae of leavuest tratp*Wn retailn falloot pai'tialsm-

ware that the 4104-rangs 64 partialem lodged-on the foliage woon predominately
less than 1O00 mia ions in diameter and that tiw boot carreatIR0nu ofths; Amlount
'of activity (beta domit-rate) a n the Molig was with thea frmntc .i of she tAl
aftivity aii'ilId by pkarlha rhaving diame -~ Iseta 44mcrn tailne

__KV lh at ocation. Theme two findting ouggoot that the fltage of miatpant.
if eloIein trapping Only the uImaller mime.s Of fallout partiGl. -Name at the

Mapo~td data.4re given intbaI 1 Ia onetd fi uim ourWi unit. at lK+ia3to
tl eUivAlent niumber of ftantaon by ume of the factor, 1.81X1O' -fiuionm/i lou'o-1-
0iZ'iOA' The median- partiale diameters are taken from the plaited partiole-size

It i nteresting thkt. the median partial dti~meter InoreAged with fallout
arrival time up to arrival times of 4 to 5 hour. aftar detonation, Howevert

.,mins the data aire for dlifferent plAnt sapilee p.art of this increase also may
be due to -the plant-opecien seleiatod for anatlysis 1 The spr§W ' of-the distri~bu-
tionol, however, tend to docreare .with time of falout, arrival or with deouroeiins

_____ pariole mine of the arriving fallout __The utper-limit partilel diameter out-aff
is14irly aharp at Olaianieieivlargar Own 8 a-m rioiu~m--n, oxcpting- tar thcrbiuiu---
m-allow folliage oample. The higher retention, level. and larger partialern onl tha
bumhmallow foliage is probable due to the high donsity of satl late hairs on tho
leavee which would serve to trap and hold Particlps onto the surface,



Figure MIA
REDUCTION IN THE IONIZATION RATE AT THE CENTER OF 10TH STREET AND AT THE
CENTER OF THE PLAZA, CAMP PARKA, CALIPORNIAi AS A FUNCTION OP THE WIND
VICTOR (turn of the products of wind speed -time) FOR WINDS IN E!XCESS51 OF W0MPH OVER
A IO.OAY PERIOD, THE TAOOED PARTICLES WERE. 150 TO J0O MICRONt IN PIAMEI EN
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Rhowi. t 1011111)111 H I l pu out l f 111),11t vo IIvMu'~y log h' i l tl i ,11t t,11 1,11)4 I'oI'ntOhil
ofl 1116NlI tl'iiiml1411 Il 1itirll 1,11 plorin.t o I tho,1v nol. (i 1(111 (11 01 'ý I Ilvolmc W410 l IpP I In II

P tt~1 )n I I o Ht irrv yl Irr'll 1o I .1;mg Mmoky T i ll ni tl I r do nwnr d! I 1w inul Ii y 'ijil 11

rhhfilt. ~ 41011NIiLLW11( ~porovil toll Idhltl 112V1'I'(1il fIt lyt-3100LltHIPfl! tu pilm lu In
- 1i~urfal Th 1.0, Ilovn~ot o I'viQ.11 rnodltnuil doworN doorvm IIIII w ith 1,111, 116111 [10ivo

aH IDWo awa uxpr~orn Jo h pwir rho Moy VII filoti it i,'111111 of 'Itll ~'oullIlio tioltfl)

!IILAeil Inl he rnofth ly the iorno In Ingn r ilitril lo n Ito In nill th ho ollool oil Anni0-

- plum.

Thonmaor oct~noluplon fromll Oic' Hrin ot' litoilney atnu~l io workol IM HIMn

the P~oiol-ol 111('0pmilu nioi- (on-tclu-itnilwreom'Iu-ntgid fIolIMitllIg Ni inithop_I.. d~~ptt~f-ha I*ni I~ra Itir~id~ iii rhiii
-lftanfot hoi cflonxI'd (l)ilt) no Olginiftcint Iollpcw* ol, volultaitor w Ivi'v hvityy Cailnllu

aro In uxuomailso itbout no HurI0ons,. ___

-TawnTo no Woutl (intot on thR dluvrinthitmlnittlon ulAt lolout patilmom fr'on,
Collnge (flI louting' dntn onl the'vavy fine matevriall or' worio-owl ralloul), 1Thn -
ney, tnd.aacworlkern~ however, eta r#pot data on thu, rieconlarinlnntn of rnflnut,
pri~tolom from folnhRlnw tIape on an be timed to Infilunto at leAmt the upper lill,~ of'
n VIOIt¶Il~~f Vy r oiv ain, TIho 1epultm of thovputarlmunto tNimng the

MalfPIA~In IfiiTble I'M 'rho wattir dotatnlrmauiwould lie most repro-*ounlntivo of the tic Otntamina tl on thll-auntild 116011t Ii it honvy 06in, The dledrl,
fo~in ilounlrtm ehj~uvaol no .4~h i~~ni~ut 1130 ftnil 40 pervontor-i

the inIt(Al depoilli hoever. thle moronth'4saiitfli~ni woo. flaiorrintamInn tell Ito
2-pe'cicnt and itrwfig whout waRo ducont4Mtnatud to about, go peraont V fUt. lInk
ilal le~vol The M40lp value ghoulel bo reprernontatlvo Wof nnuIOImftmotypll olrrinao,

PFufh@ f~ (i~ffifIttinf dIAflIPPOtI to shiow tlint nlIl the ktnvom (in n

Plant roAll.)abniout the famine levul or' aonuuminaitnon on Jill tho Tolittwor if oxoelp-
Oily wnuild lip imnol prodonlnrinat, In folinge growtho aitch- no it voiy elonme tall
g;'owthi of gri~thln, Ift~p'tlor of tho niuminatlon piroovilim mt teaitl ongropil

To1mu of the oN ammuipt Ofri 011 fo t, 1 un tovilt (11') Jn ill o II th I'f)ll~~ on) n ln
llohm toWN vurivtotl on or tho nI rollou po 'ti cie vol n~on oo dalilIn n to P01 N fir (lit) 1111MI (11,
Ilt;thl!iollutiv othitg f folo ill it tIfant, Theli norInit'l~~flo fir O1w ruillocit rutaini p01ter iinhil



of dry P1 nnt. (Ion(f) Mtrimm with thri Itatl oniiount. of f I lout, ulopoxitoo it Ii lopotittui
Olne thr", bm umed to owilunto the Interrnal i'ndlologionl liianrd from the Inhkak of
rnflionliallden In the flillout rotoaindr on folinge, TO n'iiik the vori'elaiionm, a
foliage Dotonlimnntion factor, nL 14i deinfedr as tile I'11110Or116u of n br n"fi fl-
aloen por granmof dry plant (lol lagm) to the numrber of fiumiona of total follout
jper sq. ft. of moll surfaco, if the plant or folingo surfiloo fonsity In defined
as w L IIn Wrons of. dry foliage per sq, ft. of moll ourfnao, the friaction of the
fallouti reta Ined 1)Y follago 10

,~ ' (tmslinosf~tl an folilame)
LWL (UNm1onm1/ftO an motll

'Me fanom Inator- quanti ty, fisalonnX/fto on Moil, Is L-11 totalI failou0t OUpoalt
____-- -- naoorreatcldf-ov the n mount, on. the folI Iage, The value of~wj, is 0 11e601ur14 Of

thecienilty. or plailto groýwlni onI~led The vauso L edaL fooly
Prtialeso with dinmeourso losm than (14 mieronn) reported by, rtonny and Co-
wkorkeraM itre Siven, in Toble 2118 for native dameirVtytpe Wlage, The In..
depandonns of tho values of=_A-0L2-'on distanc from ground PAro is further
ovidehoo or the melectivity of the foliage in rotalingfi only. thk!smalllfer pRAt'tiuies
The high values of R_*L fOr the fallout from Shots MetV, Diab~po and 0hastta Could

ýbe due either to highir humidity 0onit:tona11 And early post ~Oct plant Call~oatons
-or to-the fact that the fallout fromi theidiclatonlittonu contalsed a fairly lmfre

Mfraton of the activity an paricles.m with diurnetero botwseei 44 find ISk nioono
-which were rstainseI by-the fvfol~g. -

F"or general use, the value -of I a L tn ore 3m~portant qiuantity thin A
The dependonce ofthevl. i~a eea leoain aeama~ther Anglyae's of thse Ecltk PPresentuT In this mection are liven in Chaptor li n the
farm of 'fal lout contmur PtOW scal Ing functions, hinmost of the data of Table 2i I,
th vaus Itinareftis with distanoo from roun d nero1

It wagn previously Montionod thal;ý fop 100 percent r~etontloni or thp. 1 foaiiu
onaft.~ th prodom 04,1-00 of the Oirect uptake o hfrnmi aigen
tanilnoted clover roight be on the ordemr of3 Ann to000O times irealar than thni.
of. eating now clover0 onl Pantarninated #oil. fHowevor, for folifte oonditiona
where the vains of ML 10- LOW"~r and wL is 10, fth factor of predominance for
the rlirect~uptatte Peth Is raduced to the order of [13l to no, Thus the direct-
-upthaki path-, ait lairt- fari -ex-niW.uin rnrnu .4f-nnb xpcl ob
the preciominnting source of en intornol hamilrc to nninliis end humansn after a
nuolon r war In wh luli Iflnd-ourifnaeuixplos ions Wkv~ pleoo.
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PIIMMAOY Or~ AVIIIIIAd I'1I) MIA'OR COl ~ NTA MINATION l'AOTOTIMP F~OR
NA1'jVMI VOfT4AMIP IMX!OIII) TO T"ALjIPUT r1IOM 1'nWF~l- AND

13ALLOON-MOUNPfIf tM1TOI4ATj1ON8 AT THMI NEV~AD)A 'rIPIRP MITH

Distonas from ( dry plant rlr 1ii Mlnt

shot, Ground "Pa~tta alu / \~~l alu

T a uli, igsri 1o foMoo so f - _

09 0480 -- 2
60 01541 pi0l

40 0,594
Appl 041 1,95 79-

Met, 106511 0.0231-10
s0 9.87 Igl00

140: 2M01 18.90
__Apple 11, 19156 7 010021

100 010790
-princilta, 195?' 7 4.80 5.00

84, 9218 _7

154- 5,1- 1---4-2- 1180

I2 119195

40 Olin0 12.9
03 4 10.5

hutQ5107 11.5 MIAl
44 -787.72

*moky, 1017 4M0.00 .)

MO 0.070 .,5

100 ~~025 9



Tn~ble W, I A (unnuluivild)

/limlona/sm of\ /0salapa//in nt\
DiltAnoe from I dry plant I dry PI an

Rhot Ground ~Alro
4nlla) flaialns/tt q fm~n/L of/

total fallout g44 pfltu/

1(10 01520)9'(
1.5m 1,40 3.11
17fl L1.290
g0o 6,0029

__il G~~n 6 Motd deitonýttari -
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A THERFMODYNAMIC M01M 01l ' UF ALLO~UTI PIMOMATION

Tht~ M ael.JI feiatuires of-tho fallout lL~mation procco floducoid from the
rintil itruolurea., rom positions., atid SenorMa proprtomta of, fallailt piirtrlr'l Ax
dencribed in 8natfone1 2.3 and 24 are thdt:

1, m IQ au jont~ of tho ridloacivp alementim oondangb. into liquid

21 Some-portion condenoss onto the uf.o-eidpriou

a. if it timie limi.toI plitaed onthe ra~~mnafito f57WO
_---h _fa idioantlywie amento wil!be still in the vapor phomo.

I lvan Ill. tile aau whore the Wuilt carrier In #so wator. thu, 51,s tw --
statements are valid for the fallout from a, nmoderately high-yield deton~ition

near the sea suuztfoetalnoethe temperature of the dropo, ot the altitudo ý'f the
oloud, will oteasms time fall below freacing.

The general c~ondonsition-prodsea can bu divided Into two jgnoral time
eztd,-The first, period.,of the prboosh Iihan ottIoJh the presanoe of

pm and liquid- -*ie.ad h scond period b -the a1stiono -of-p ~An d s~
phases. The fir~st period of candeniistion onds whan the buIU coitrior partilolmi
sol id1ify Thots tomprobably ino real preolse fioitant at hlcih this aouvN1r'1M'nh - -

firebsill-minov temporatur - gradloents must o*Ptainly oxist I the difforviit -Mooma
of Porztioloo cool n-nd soidify at diffei'rtt rates and times..

On* most important asPect Of the oondGIMAnuAl~n oV tht rAcICAMO~tt NOI~uOnproucs itoth -qkuidl phase to that the flosoaripauv Inient nd curmpoundsp
Are4)psolved-1o form A vey dilu~tP &qhitlon, Dvanuwa o~ffilsdilulenj the--
-_solution prao IJsxon nbo treated with nagWoct of (Il)attriac MAtur~timr affecto end.

V - -- __ solutionl.

In n glaosy matri~x ise, ofter mollclificatlon, lift dimmoJlVod or compounduler
fissian producto should not, he able to emanpo, With oonountrutotion of tho I'der



tiii .10f1" n(IEIion III rinnlun productst por Trolo of IglReii. the votpor proiurt, would
ho oxt~ovumuly low aind tho clilfumian of tho oI~mmanto thr'oughotho molid glama would
be~ vory Mlow.

* Tho, Cr~oion of eacih lenon prodc~t that to acondensed Into the liquid
oa2riffr partticlus when they mrnohdify will be determinod by (at) the melting po~int

of thi 6grrier and (b) the tis; a~ftev A04unlw At which the. Noiud'itloation occurs,
.11 the melting point ofý,,ths carrier to highi the frActibno that ave oondensed will
be railaull than those in carr~iu1 Matoei41a'l having lowmnatting pajint. revi smaei
of the largelt pnj'tioleu , the fractionsn thatare c or4onped will 'be doterminemd by
the time At whioah xD11difivition of the pamalell ocaurrn. In the camal where thes

- - Arvifr canox fit ifi "the UjqI$41 Vtja. L@V-r j ftIVI~vely lA1rge teniMvtWie T114:1'V
- - -tndtu-yiluliei~uionnlug sop ON4 that bd tlnwa4 noot -oaul -too rajidly-1*6

larger par'tictes cann not soil) enter bUtpaen leave the Elrre~ll vtA Mwme horer the
Interior game.1 0001 toa th' tettnpacktu. at wu~4ebthe o tcluef41~

__ The friketion of mejph houptef product thit Is tot vor~oadim to; t; l~igtod
ph... of theivoufrto imv sn till avandi~oenq orratwthe. surface tof tbeae#
p .Articles, The motid pariclem a~vatilille vouLld1ontto a the smaller ofa**
meltedpartial.. (minoe thie -ri ot ~ita.Il ut 'Of the0 Vloudi volume ce eif to"r as-
"rPidly am the larger partletle.) ir,(b) -of -Uft MWI~i.41 bftleos oh ctr the 1991

' The best 1lJUctrtz't~oa Uf the lallier lype ofJ Jalvlal is the rregulir partialsc
found in the corsl fallout i, ecasue, of thhigh ~nuittig risitwof~calai.loon~ox4,e
the ntimblae f the "a'ire natty. %4lueetI, phez'IWL) ;urt~ioles found w*Maa salty,

___ __ - __but not nlw4yae -atplle than the niu~nhr -of lavrefukriat .sited Vafartelss Efven-
__ ____thiahhe! fu.''d prdtiles..had ih~gfir spe~eific nOttivtem,. they carried at frofffion

of.110 Toi14RAotivi preoucoe i~va* wamiucth cvndbi~r thta the lvr.:',tfon
-caristby ia rreglarT knMeltd JOU414441

The relvrne. was irue lei th!Partiolecof the ea mltgnlot
g -T..,¶hera Wino AaOt that hqoth lurduxed .and alatotred' greal~ if, coil and

Ohf .iSOAR11 -uOed cbte n'4rad leltI ontr futrfao varl 1 .
aorwO~ta of aetf~t~ ,Ch Iaud liam the sun. *0 -of tog PWO'4v' in -waer
and diluteO Wadod Mlowever, In -the pveuxOD9of the larger fumd aphaese in iay

-faeflaut reagion. the irregutlar silu nt cont.ihiutod. only a rather omaIA1 fraoti-en
air the total rAdtopotivevaententoof, Ic Uallot dePosit -!

-in tho second F1io Cof odhrNation, ,afe h paails oidify, 'the
___ flinwiont-prduct Fwrrignteait -MAY- oil (a) -illii~gunl ifoe f7

maild pe-r'tilum or (b,) they may reatt directly with..the carrier Mmosace-I
the cinec of! t moro or less apen or jporcma 6rystft struoturs, tho flmsovoh produot.
vould dfiffusm weil Into the body of the par'UOIC This praoemm wax ovidenced by
thc' Inyor of notivity fIh the I-r-egiflor voarl pnrtloles.'



hi n'tlv Ihfiory, or (ii"v intirt' copI'(fll))JJ "It -11l n uto id II Ily Mlewuui , 1)(1t ii And lunle
flint. roqtufNtil vprtn~n~' ilibrium uin r hie rmintoilmIhud willfl tn kmai ii-nn

aim ~ ~ ~ f nern hprm urru ar s n ,9Ooo"N. ihfIw finding oflAhviwnmm~ m.l~i'rr'm
tionfirrmp tho nature~o Aim thirly direct. vmpor-eondenxmrtlon. Whten tnjuilihrtun,
Is outbulimhe the giseoun specina of euc'l fission product. element r'mn either
(a) rsrn't. with. th vapor or lidquid jiroduot, off1luw hulk rurrler, or 0b),tdl-
solve Into the liqi4Milipe avoordliw tW Honry's law of diWWO solutlon.., Thwos
sclutionu of fission product eMements or ceompowund in the liquid pits. should
be ja) Ruffic'iently flvu orsl nn hig i h rt nerg, of lthe liquid,
oriner, oand (At) so dilut lhat lho fro" v'ergy of 41oluflort of. eachrelenwn 114

-indemd ihe tt vuutaiof . all 0tlie tis1au0Mproduc4 elements.1

- * ~~ !ooflhe of -0he 111em dittn-of b.thne s prodvt iem*½

sMd the 0tboditty bo-iiih fislon Product eivnint tn lW carrier as an Ind"IOndet

lzled4ig(due to taro annum suorfae *o~macnrs4Oas durlr 46e comewiutlon_
pronvn11f) If Ore tt'niperalisre ringe antr w01A the iiqidd &rrlcr exists exceed.

-- - 3*00or SWOO Coacuuratlmn graentie In partilels may *OCR , OuWcvet) pow.
PI Otides that a," nt beate wry miah *n"Ovte saubning tenmperatre andut re,

J Oet very anti 4 or luger particleAs 14. may "et Wovee tautmlled in their cvastr
Oij by thel* b the surface taqaMsturc Adls 10414W UMe melft~ point1 waiMMsub

oflna cescustwsilo igradiets whm al Wltd~tud 4

be 4"u466re1wOs, on(if Awwa law of dila nWtlot4 the oiber 14a compouNAM
hnnSo Wttenlthn r materIs low w If dilute m o toa9t"-mAai

Is *4. N4 6t the l tools t iore 04.f aden In1 As liqui A146e, kI the
Weaft''e 1Aw ooutbtM, indp 4 , 4s #wi parlkia premnntr at thepom *SOvCeues of
elament j.rer a miltr -ofagtss

_ ____ ~ ~ Ain whiA W-As the -Mai frton fA pf'00Asi mjw*K'1_ airvw iilt
yap vu md- P Iat taM .0 prenure. _Cvmbntng INq. 5.1 and 3.2 gl vn

Nr /NJ k J/P



III thi' Ihornidopirnivh foir~lnfionl, 1if,1 n~iw of ik 411 1) will IN,
Po nuirn(I Ino mm6 ilhgI or till OviiEtflnftm. The dol4'I'fl1'wI of ki onl to moril, ril 1"t

I .(R-MOr~lifHu ly II14 d-ii ,1 Id whore kil Ill ii onattant ond All, In g~iven I "

134)
whero L4 Is the relative partial rmolni host content of element jI n the SAN phaso
And Li Is 11W relative partial molar beat content in the liquid P610. P~ar an Idoni
Fpoux" o~fn IdeaI nolutlon, A"l, In thei hCalof V WAS~ow !,4A uh undenoinig
$pro~a lofa elfMomnt 1.

'it may be ncotd from Eq. 8.8 Olat A. decreae. -in the tot41 prornaure,
- -- ruui~nan a~geinherkNK oradrneIn the mole traction

of the minor Constituent, )j in4 th lq id Va relitive to, It, Mole. -fiction 'in the
Psi Ph1ase, 1114cia of 110., t4?M, del nda-aon the vapor pmeaurean of the
V0u0lau mujor 00WOWmluNu fin the i, I

OtempersaWmatifotr and wpp fnthetomjurature Is high aodp as volume root fully
ONPrpmndd) 00i tou peegsaz should Aalabe hlsLý Ilia h.*h pressure would tend

to w-raethe vaue of TI/4 .w Hoev the -~ttentA mraturo would tend to,
Inc Nlase the value oi f/NI by thv ferm e4I/T Sjnce both the prennure
anW temperature d~cr#Ass with timol the onle should tenid to cafoe! or ano
the. rfteut of the otli'r an procduoing changes in N ýI~ wmt timfeT.Although over

__ a Icing partpo. of time" k t0he at. of the temperturev' deeroame w1ll generally pr"-
Vail In the Cooling of theý t1 ~aill -

If hei-liquid moll -par-tile 1,9 emmtme lax Oemr oie iiformiy
OiMirbuled throushout he flraball V~I~ nev And-the toinporsturs Is aMao aasmonwr
to be wie uniformi, then It~l th1l4U ~d partlols,ý may.be conmideretial &amuingle

.* 1lvanpar of volue. of P enod kr t A #iven-time *W~Id be volid only for NmVmo
small incrament or N k~the irebl 114MO, it Is obvicu*i that theme oannot be given i
-a uniform or tvisrage volue tar the whole volu me Ie/Assumedt in the'treatment,

With1out aPecifying the numbeor oalla 1fprile

-- of eleiment j I n the, liquild Phaie of tI molen bye

whore n in the numbse of molee Pf filement I ý4aufre40 i n(I) mole$ of Iliquid

given by _
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WholPIC ill 1W th'Ii~l f1 ' Ur)Al (4 h~. m olu (11 ei i '1 IviI1x(I W~ih 11 Milflim 01' Vii f3(I

if o vvlw )roct-wom low im iImmimcl. for all tho eaiouue mpopo ouni
prialng ltio n voloo of gal, than lMq, SA can bv written no

Subotitutina Eqm. 8.5 and 8.7 Into liAq,,8 alves

__ The ratio, n 40/n1-I in llqý, B3a. depmnds anthe ValuesN Of., l To aod rt(h) per utnit
volume -in thei fireball At the- time.,

__ ______Becuause the mate tractions are oima H, the yaW. at n A to~-i
independent of the total amount-of the elemont. prceuentf- Therefore the game

frcinof an element should be condmnsed at a givon timeo and tempuz'aturo for
a 100 peokobt f18,101 weapon ats for R ",0111a111 thermionuclear weapon of the
11ame- total ylold, The voui of n(J-)/-V depend a on tb. total yield -an tnime aft~
detonation1 linoo the amount olf Arrier material liquefied depenrdo on (a), how
the total enoz'gy is utilized An the proeasi and NAM therte of the in-flow and

- ', spatial dfitribution Of the Carrier Maiterial passing through tho, fireball volumo,

the byCatlpwrind formation -of aff element, with the carrier in the gas p too,
followed by cndenhation of tho, heavier xas molecule into a liquid solution willh___
-the mol offi~er material, b~ can aitoo m urihed by ise Of Honry"slW fat

the dilute soluthlii, HaRweverf-Whan-4bo aamnpoud to faormed with th (bulk)
* liquid aaivr~orlthen-the free-ener~y ofrmatlon -of the oonao pound. Krits Ituat

of VAMorMAKUMnMUt be onutidti, Tnfe over-all reaction for a direct cam ._
bin,1ation of fisalon pivduct element A"w tli carrior material 3 to torrn t e
compound All _maty Is- written &a fqolwei ___

A(g) +l)7 AU() dilute s oli~bn In 2 (4)

This reaction may be written its a sum. of throe or four. sopa'l7
-reaction adependlIng, on whether the combination o(-, and 114 wovurp oil A /---
oonctonuom or when H~ 4in t~lip vnpo ~phaae-Ior to-condonuoiman- -- - __

- -Thei', shotli bemi nodiftramn -hewo oea s agwith rogardto
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itutop, The differanap, if aniy, would In' in 41w kinotios of the' proavos In the
first prcwonis, the eoparate ronotiono and thoa atandard frso-a.onrgy vhnrnias aret

I. A g) A(IW

- AT? RTMnPA

2, AQ() 0 1(1)- ABH(I)

Al F? RTMCKAB

where KAn steeulbimentn for the formation of ABU)_ from A(A)
And S()Ml theatemperature , Tw The solution. reaction Is

3. A(If AI) dilutiv soluiaton i 3

whr gRh~mTJ Is the-thorntodymatio activity, of AR(i) to X(A) AMcis equal to
N_ _,f 'jt tomt friotionoad UD-steHenry'sIla constant or

-atwtwv cosn-dte; The, -suitrof the standard fre-nerj 0hne orUil
reactions, or the free energy of the over.-all rootion, is"

In-% the seow presoe0u,1theaprlate nattitu nond-thu utsaMdr truu.

1, Mg) a "()'AXIS)

P APA

-AS~j' - 4-ATfiVP

4, A. BB1 (1h), dilute folution in "M(1

AV' * RTIn NIA3 IAB (.8
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M11 1 MII1l Chojj pilun11iilor firil-i411eiI'g ('ihijgvlf loi 11imii tI 141m' j 1.4,111.0111t114II IN

The ' rinoi'w-efier~y Phnnkuam gi$vol by MKqa, .,12 R nd 111,17 wouldl bv Oqwi I
41,1112 10 Ifi eua tf iIA0al . .11,q 17, or if IAI

uniy. plf I )of~w-g laIw io,,uovd k) vmtirnntn tlw number of muleg (if A, "A
In Ulie AgM Voltimi (oin inA III "H, a,-.12 "r II,] aw If NAj1 I in ropiui
flAB/n1t)b the tlwo r'qunt11ionm blwenme

"A AfI 13U. AJ , 14"

tnd

A Irt fi4t

flnkx~rdo oxidobm hre par tutianly or om plty (imu"atorm in 0q 14 vapo The _

"me-vhujo.Forthou; treat ae oniplotely dicueoaflutitlf Ixiepoi'taltheo whore th

earner n~~uW~al eximim am a" liquid4 teabovroaitottnnlialeaeAlo

oidelw .'niolosiuleAnd Eq.. 3t1or OA stanho aplied, g .liowo441m forthffeft la.,Ihtmi
- - In tII's 14I&ýrftt Nido molol O I pr tiully*dotwsnivalntdi inw v Utr lftin

aumlctatom frtlr wit0 @NlAPO in thp codanmo~d stttb'mrn pawrtialhe proo
mate illiflec ther1* j l')~idi ammu mavt the etlenmen InI tlw 1)Av liqidfid 0h0g

TP11t ovoruall raqotton for fith iistiundvnntian provraa isj

A~g t(g) + )i BL ADM,3 11(t), idiliiW mulviliun In 11(t)

In whikil x in tWe number [if anxqgeo molcvifum lc'int voabnivi wpith tvnIi 11t4111n oy



p'Itrni'it A. NMliltrnir' rnllrtinM, for thim ovi-r fill V('n4' 4)fln vnn he NOp III tiw'
NIII1V w"Y an uhwtie but tnjr Ihlis over nill rellfitloIn h' dlt mfouri'nt rrom IN%' mw
ahawj (fir pompotilnt withi It), tha gam lttomm ni A And 00 mmtfit, hoIn equilibrium
with Itio oxide of tilejmil,~ A In tho veolxr Matin, TIheoxaide moleoutna than
61it11101 (4) NOW,' with, NOs) as they 00ndenso or (b) thoy renot with 11(g) in tho
ympor before th" 1,arluir oxide molevula. elondenme to form the dilutet solution,
In the fi rst of thome two processnes, the mapn rate ranotlo'nx tnd tho PtAndard

A. (g) +xOj (M) .sAC)3 j(

- -- - 9, -A 0,1() AOj~(I

AT' R TMn PAO -

ai ýAO-p1(i) + t1 (t) A~,11 Bll)

-Ar" q.T~n KAon oa

Wthers (Aff ix-mheequilibr'ium copotant for the foz'mAtlan of Ach'., B(S) from
V- (jtliudaemPounds At thp Immporitturo-k T.

I'4, AOg, 1311) AQ.1,B(1) dilut. solution An" 11Q

.1-1hm. Num (lthose. reactig m and thfoir stand&r -free-energy Ohnnitem

___In the ueannd prCommie the Noparpte vuactimns ,dnd the standArd free-
energy bhAngeo ae v.

1~A(&) f, xm10-AQv~ q -W

AT RTIn P- /P~

2, A01,(M) Rf(11) AOiN lifg)

AF'~ -117 I)tnPA013/PAC)PI
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~,A09 110I Y AOM 13(f), d.ilittn moiiiton in 13(f) -

AD"1  RTNIINAOVVkA-B

'rho unim of the fivo standcard freowouonxy ohnnROuu im

p p'

N~~ " - -m

lHquu~lon 0I,4 midn 11,80O, whan molvod for IjiW use of tho perifuut-gnu low, egIvr
n n A

APO/ 4T.
__ / nA~fkAOn

VAnU VRT

I'C~~[pc'C4I HT)'

'Tile valtlwf 11A lIn 109s l131 An( ,3 fk~1 rO 11100u0tdv tliv oxygon
pni'~nI-t'ou Itvi f p)Is grenter than I atmoophOro, the vitluc or nx Will Wx

devoRpaed -(nipt with larpwV x-vnlum) mid th ardount of Moela nt A , ontlensmo
- __- to invY onnoti'ou0ir y)- p icon thnn I otn~iampharo, tito value of nA. Will ho Iiriorajrnrit

(mnot with In-t'amt x valuektnn tl 1 it-mount of-leV-~o~noi deoI'enimr], - _

if]*jlu I imorpt'atd into thiY 1tAifl- irit-lu onnio w~yflu wnhilAN-dwurl thu
fnotovm of 11ilo. . INl an(I 3,19l thon Njqu 0.111, onnd Hn winl iMoc be redutcod to th1w
onniv formin f-41 19~.M fo 5r~t ninterinI nlIntivoW( mid othwr gonornI Nitrnnmntbon



mih v UfIlII ltrm IIr'i I-p1ifiimN Itii II ItII ~Ivi'ii Itymv Owr !I ,N Whth htE I NIM Ito fii
Inort NtlhtIbR tI(nh' uill IN onpolibI (if tol tm li Itinj il unt I 4111,~ Witli illfmny (lif t 1.10 11141401
ptoulut riIemenwlI 'AImo, theo IMq, 1I.to 11,112 will In' nhlplii rilohi ýtr .'vin out m
thnit vanaut w it h o M in rI PIpiI' III t1,1Mi olid H111C t o l tolu v [r h o ho 110 141.10D folly ,iil'd
he iihmigor r'vom (0~) to (it) to uifnr lo I ho motl In i o r Iiin in' Iw liquid stniii

hfilnncue oquntltonpi would lie idanticir for thir va mpou nd -forvA loll pvopimmlno'.

8.11119 Gam-~LIrntd Ph~mp 0-Miitet bp i~lance Cankmntrnn nnd iPraot"Jignallol

ofHi thb loetlodonwiulitg c'I nvtm ni' rudlionotivol tho miumbor of MOWoN
o(echI onainntlV olmnn;biit thorofore tho mnltorln.1 halintca ut A givan~ifmant,

Onallue OiiflP wIt t. I 'w1 COn' flif other hnnct, the fiuuibn yhild uf a blivu mIoo.
uhaln (moxpt for noutron on1itter') In voantrinti It the Omount of n rachIfnorwi~dtl
of clemont j mul mnia nilmtiV, A pate~nt bit the timeo, t, ufter fission In givan
by syj i -the n the tatnit Itnloulit of clamnant J1 proe~nLt tit Ulm I;n-

The corrOmu~nring ium for the ahntn-yiplir Gf mamun numlwor A IN' - _

y R y() ifiti'um- (,14

In whlob YA ill vetiNutat OX061pt1 for 111 flfli coln vn onktihIfng. noutratomui~ttorN
' 'The nitorW'a al~antipfor the umounts elaumont. j in tho ank otild liquid, philmon in

A,~ t)4 n111 -i411)

whore lii the 111 clopoifloncie of-l'n 01
1'nd.111 of Hq. OM In flidocituntlt

ific 1ih n od nJ1 ori Inkvii for Ill npiotints or uncw1 nuoli~du J" the gRu-

A~~~~ OjA 1, lIA



aind, #I nuo 01 4 It'I) in tho munuilplor fo r muiii of tho njAM t) arnim, Cho torni'0 for
oiwh nu~jlldt (inn ho nopnrotorl nut,~ The nopiirntivi loýMs theou givn tho Amountrn
of onob numirlod unnrtonurd, which in

1A

'rho i'rnotlon or tho nunin chnin ithat in vonfloiimv, or' Ohr nhsoiuto
freotionation nurnbpr Jl&, rofarrod to the-fiasion yinild rothor thnan to nnothar
nuallcie), rd A4, for-tho ond ohin'-arnhemerN, is defainari b*

-- Subiltitution of Plq', Nn.3 nrd repinoinmg the YjQ)~ Moo hy y, (A~t) in
Nq, .1,39 gives. for tho frautionaition nuiunthr or ontoh minoNNnurnber,

in which ki (A it) lIsthe frnatittnnof thea-ohin yield of olomacnt-j havingt moos
- -_._rwmbae__A._AocortIlng to Sq, Ml~O, the fraatoton of-the ohi haoi th o I. ondenued

in-the liquid phaseedelyand. only on kj and the fr~utionu of, tha ohnin yieltj or
the elemeriti Prsnt, The use ofrhseutotesarrqie p~uo

_____________the indipondeiit yiuiclu of nach member clement -ofihe chaItn at iumel fron'u a rew
.eponnu After ftsgiok~pr at loeat for the kt-ins of the end of tho first Por~lod of
condonoation Ata may ha opplionblo to the _first group of pRAri(Iili that leave
the f irballI in-the liquid atnte.

The experimental rndiooabeiiwil finnotionntion nunther for 4 given
sample of iniioutI.(or quontlty or mixed fiosion products) In ousualy defined ao

I, the ratio of the numiber pr ntoms ovf n givan mamo number that are prosmnt to
ýho numbor of matlia or mass numbier, on that Are prookniv fflirdq(ý by the
expeaterd-vAlue or ýtho ratio for thaem-ni nnmr-on rvhhiiviwa or-u-.w,-nmiiAhe
matloal notation, this Is

Ic" (A) (99)i
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(Ifliuily (loll p ifutiohiMirm fin Hmi orW amit lyNi ImNL l~i I'o Unin, wit iii fl 'rrempofl~i iU
vn iti at' K, (A) thint hn" bean provinuN ly flotornflnumd froil on.11nit lyili of 11
onniplm of thVI -hntomnihred withl thortuilm nomirons, lr'r minlynae ninile niorn
than scaerol days filter flosiion, only Cho mu.l or Inat two memibers of it daoiy
uhnln of' niot moon numbers wilt he p'nsentinf II pproolAble nfoumnt,

MLnce the obsouvvod Il" llefntora Ilio nn over.-al matiiure of vonl-
ntlon rporl U-291 Chnwarm I-nautran fixsion, another _fator IIn MnodPd L ft)Il~opunt

only for thatt pairt or the variation tlint in flii. to the first periodi of the conrien-
Nation proonof. For this, lo0C

n(A) -(99

in which lK(A) to Ovae true yield mitio, Y /Y~t of momm number A to that ofmais
numlier 90, Which vart~ with tho kind of flimionla fucide and Incident nelUtron
speatrum i(th"-a~me do filtiton holds If Ponme mass number other thin 99 IN
uslected nom the refaornan nu~cilde),-

The. valueo'f the ratio', nj*A)/n(Q9)1 sholid b@hethe mamo as the-ratio
of the--Sum ovell J Of the I'impeotlv( IIjAMt Wie.m The fractionation number

__from the material balatnce equations referred to a standard noolide (in this came
__ - _~~-mac nuibror 90)-basooma--__

- __ '~(A -1 yl( 1Aj)/Jl + kJ-) __ 94() _

Ej y j09,t) jI I +WjI

when IC(A)- io replaced with V /Y9  It in posniblo to' Oll(A) to have vaiua
greater-thAnm uifai-the alue. at r0( cannot be greotor than ono.

In the second period of oneetothe friaction of -each Woelmn(
.not ocondahmed from. the gnu phAme (when the fireball tempiarttvre hits flifon -_-_

below the nioltoing point of the carrier matraflo.) van begfin Plating out on the
euirfio of sold- vuarl iuica I-The nvailafble pontiulum for-this period of nontlen-
satlan cman be the smitlie4r anldif ledh particles that have, not mottied out, of, tie

_______ __ radioactiveY 948 volume Plum the unmelted moil graIn. th.4t ontoreri the fireba~ll ___

a wno wre nut! hoatoci to-their lettgcnprui---

Aithotigh It Is possible that n variety of ign--molid state reactions may
occur for the difforent eiomontn, depondling on the physical and cheamical prop-

arimof the carrier pilrtilalci, only one simple and identimecl procoens is
-considered here, Ph'i.o in that the fraction of canch niemrint that In oorienmed, up
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Ino lioniv Ipiitf l I111111 111oI CI M Q I 11, INf lii it -i111K '114i tio 1111 toivih vll tn Ili fo tif mil 111111' 1
VIll (1ml'i tyor11Hh I ( I f t n IM ulonrqt111 uon 11111 1 t.iv 111 fob iluiff v flfm iI iii If It. ' i~rnvr'

tho111 OXOUM1 mori vopoid o 1.1 upIl'rflm'() MiTFFi i, UniprOmev1114(IlOI o h tionlOlm,

nolicaulox, tho nunilwpr of miioelouto ponowml~~o by tho provailm (amuuungil tho
provens to bo rovc'r14ilbiv at "11y time llrter tilt- m~liirifrt~on of the varvior Int
defintarr by

1110 17 n*(f 1.44)

whora l tutho amoint pof olvnoot~ ,J ndtonsod on tho Purfcoe of the uolid.
par~ot., 'j-letthunwiwi oftheat onuI~nn~ n h'na pn# whvn thc -

fiarrior partialop uoIlcdifioc, and niV' 19 the onmount'in the vapoirht n ia, a any
linttr Row Niiiis or pritloautitO dr~ny., nill throe anmoiitoua dopend -On the -
timo Nfe IuOW.

if tho perfad-at. o latw- letnetumari fo eacih gfleianip urwcilan, then

__ __-Wher,'u V Niithe gns VON=m ciontafining the I ilnip m lcand p1 I thtl vq1itWj 1)%_
sublInMInTIonprassure which, In turn, lat given 13

InVWTl~ci--V IT p e thci I ree artk.ay aoubht~1mwo- Iti Tunlfurnm mi~ing I n-thu -flruw-__
-buIml volUMO e is..ttssu d to hwir~tToiaet (I(ignsj~uil ipselo at afll~inme, thon
V IN Muijfirolsall (tOr 0loud) -valuniti--Tlw tInip.duciondont wnaterial hulncina for

y 0 n t); '(I +oAi 111110- t1'7

-wherviv'' , IN tho inumbor or mekop Ivofl(Iimod I n UiU liqukIdplia"i.

___a Unof 1vr-1Tv.14fo nOi' -n ann 1)Iý1PI-for n f~u~niinud with 114rj,11,47,

-~~~ -iv)
n ~ - p(144

k, n, V
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j 'A P JA - 1*j1*;Y 1 I
A '1 A.

Movarnt'ntin5 out 111( Iii rni for oni wh oel ido roci~otm in

V, yJ V IOFU

___ I ofvtwU1106 tilt, m- froport 1oI10LI()

-ita nbundmau at tho tirna rnd Im gýIytin by

olhnll, or, thq frnotitol of tho ucsltl ti hnI is vonIvnofl d III) ton gii o i t '1m II mI to fh

in~~~~~ whw -~ _ _

wharfvy Iatvtna1n1chatn #told I i-wfali-~~er~o
rimiuon t~iLa yotw1fil~nd W ivh-m-il~kl .p T tIo tmtn-cfa~in yIc vi I d

-0 ROI4A~W molpas,

In 11q, nfli,fltho kj alo nvo$ am I1 1441 f1 491 milm~u4cId U
leffporaturo' of tilt'rind (it-t~it it ptovtnd oflv Mo~(noMnttn ti Itim I p fl rfrit'iontitt'iom
the tomp~orntuwj,ý 1', in tho m~onoid tovrm, Thmm Itht frnpl~tcim of onuhI olc1imcnt

- - not pondivinled dur'tIR tt"o -ftt't jimriorI of-oadon nntlnn ftlvvn by _ho -fvI rmi to"
or 9q. 3,%l)nntIodoyur~ to tho Uniorno Intorowt to fiviv'mhlnc y _

--- ~ ~ ~ ~ ~~ind Yj nppl-h-lab1~-to Tlý3ill,. .. -~..- . _

In n'asiuming the oondmnfltarton to tic Inflluiwsiviotif.oftho ninturvc of 6vhi
phrfuloI mu rilva, and In neolcbating alI outn'onrondor f 'nintion wIthl
the varriur materilol, thO CoMPonont,11 lind c(qetrtf In hrucl' (t'111 hive'( III
he rmnduoeid by ono. T~hvrvfnrcv tho frnetlonni poriKnl *-1 tt'(mmuni'1' Iie'Ooc yield



deOtWfvl('Il , fnx shoiwn fit 11(1 3m, nlit, odin'ndi'Ir or r,ý(A ,C) on wonpoi 10 yfobuut
iiwow'ir~ il %1wh dltormntlm by thu vnrintion of IN A with yiold,

In mumnrfnry, thu oypi-nil fallout. in rtiole formoltion prout~m, frumni
tho nhovpi trentmniunl, niny h I)C lluurihod am followm. in tiii firmt purloil (ion-
dnIomN4tiohi wheni the l1ir1110 and Mno phoanme predoniinotf In tho 00iruhidi thn mnore
roefrneinory (1lomentm aeq' dimmolved- into th4o liquid 1ilinmo (if the Porritir rnnrinlevtt
Tihe lmrgcmr fallout Pitrlnle., whilch fall awny from. the firohnll while. tl~y, vrct
IiilalqndtIn will-rouint-in anly thom, morr rufrnoutry rt'ndinuovlld"u
Thome partiolem w~ill hind Ilnenret to tht u jmintl of detonntion,

Tho amallorrpartioo, that Aniy with tha riming firchnll for n lonmp'vr
time, may vondenmoe out rndioolann'nto during-lhotl pariod.m of condenmntiam..
Thaso, no wall nAp the particilca tihl Ontor theo fireball late! ohould aan'ry rndio-
Clamonto that woro condonsed on their Purfmoom, Tile .NMAIlaat of the paRthilc
would make up tho world-wide fallout, or would be doiioaitod "i lairge dinlano; O

-- from. grournd F, ro,

1iip Intermeiadlte iI~e prtlcifu, flint depooit At intarmadiAte ulip~
I - ttutwefroul xround A CQrej0 (hAMl fontin ?atc oneuto (hot we-re tnmide"Ii~

d~uring both peid fauieiatiIn fallout of a given. por~tlalmime In
which a fraoition 6r it mansa hliin hadl conilenmoa duiring the fiit periodl Of

nond~natndui tho roffaitider of theu ]MIAI 0luaiiu -dturng the seclond perted,
---- ------ --- the groom frortionotion number of tile ffallbut slrnpla would hoi given byj

R's (A) M~t~i F(AiIj-_ _ _

In wifubn x~) Im tho foti'atln of tia alffmuht lnot tie rrtru Out"Of th firoball by --

I iti'i~orp 0a'tc.14 s ro- to- VS No-silwou -M.0 of -ro(A ir4Awolapl

-In- r, Ih moionIojan of the va denontfor, itgoo~moom, lama-attention
iuMat be given te ths effec~tof pArtiuloi-ife 1OWTIA(Mi4'ut of.A a lomnivt

__ ~oridentiol, TWO O vuiei ommure over the liquidl drofix onn firprd~n l01
____ _ o~htirop aioelllyat~h~ igh' lmpeatuciaThe kcillationlihip Ibetweenl

*Tho warld-wido I'mllut fromi air, sion wator, ltiwer, and ot-rtnirv hurmth nlmo
containsvmra V urlimonned pmrtlivir whivch lnvv ntitivity more or leamp iniformly
diotributod th rough their volkimex,



(1,H11j MIKE'- and v1111111, pi'I'I4M(II(I1 114 gt1VonI IWy

14,111p/1) 4YM /p 1

In which p. IN lehi ynpniI pIroiuro of' the vrviervr il'iI ovili, Owh liquiII Willi
Pa Chit ourfarvi p Im (stie prompitre ova i 1wdo 1dt ia-' ri V Im fli xiii' oili
Ienolion of hI (llo dro (a"Nmmned I "flpend ent Ot '1)i M IN the 11114(11111 rwotght ati
thiv carrieri and f) IN the ciunmit~y of the liqultd For Aig MI nt 90304C, Andl M'

-tioC:, tho vaduo or "e to (1fl0 cyneal/m and 30O7 rlynoa/urn rempvcetit]yY

The vnilue of' the rittlo, p/p, I tar 1,h1001 Values 01t Y IM nol. V U Iy
----di[lrrrit, f'rom- unity rfor particloo having-Aiametern larger thrin n fpw tuiitti or

a mricro~n. tIlncoo unless the carrier materinl ham n surfavii tenuion thril I"
largor -than thnt or theme two Oxides )h' more than two ordarme of magnitude, tho

Ineranmad v porteumure of tho carrier Miaterial over tholre rro.hod
not 0 9niough toifienoli ondunmantion procegio.-

-- !fthu mrfaopteonsb 01 the ProarJr m tortn~alw.i'exitremely largo,
the fissio productal ulmanto moot likely to In prefrarntlutlly ciondenser] on the
fmniler partiaele tire those elements whose volatiltiesu ari the name nn.m or-
lowor than, that of tho-vorrier Itself. ýTheme would vu-iiondunov With 1,1w
volittilimod carrier molocuhum as moon aeotho tompairature-droppvtd lo the
varrier boiling point, mince at thlItuiinu tho va-poP promititvu of thec unrorrl
maiterial i-houli ho at significant fraalon-of tho totpl prospuro, At the molt~ing

--point- of the auyvier, its -own vepar prossur woldbe so smai a friaction-of

Puilfaao tunslon watfe #M~romsly lre
SThu~h vurt,~Atione with dist;KAna. or ivith partlelo 01101 that tire

fr~tlnw~in umbr. in the daIW(seiota~t ono '11. _andtt4) -must --

-~ ft~tu 0 r1#0 two a6 . hirtouu! i rdit!-ml urwth downwind
ditutinavil tho mixing if-the melted with the irregular partile. or of the o--_

__- - ~Ptrttlilu. Preient tlifii -both poribdJ of aorfned~iua t,_w The m)JnVcmaIN
th dferu.-nthe Porid*tmehtte 01ON'nI.in pntoautaky in the

100r partiola. with ft faIrly inirg. mr""K in l1MON, the MOle Irfltion,
Nil -noodo to bpromycfid gu o' p), Oriomaterial. muchit nPm ntltant
mail. 001300"~ ptn axdu are~ 01wair mtrlim with 10"W heat coonfutit __

O no i Bu N ftn partic'le nieed not li6 coonplikloly meltod thr titu Imy vIua in
artier to condense And dissolve Sguweous moeulopulmonky a thin1Irjii~lil1AYur on _
Its eXterior IN required for thie Proue... Bliveunp-or Its low thermal uonfduo-
tivily, smam mitximuni-slae carrier, part licl or 'group of ;)airlouiPiem hauil (Will'
fihAt mults Compkotcly whci exposed try a given theIrmil I ycie, 'rhis pairthIl melting



mitf,{ or dimtri bution of tWlow voliiivnm~om toM lI i'niigholt 1h.11v oluml, (if thito

W6111 hoI~~ moii rut, 1.111 f(1i111iU m l 1) V JO tk~ltI~jtj(Wl~j flii roIM v()ihu jI ~lb t'Ouillior 1101 byj~'~i
reg5i~flUs of theo liquid pork,1timOU, Tim oncr O w~i forityfl or I 1w mh I(lionum(1 con-'ii

Kilt.InOi~~tdientem that dl ffumlion to~ lnt tho vmonnti' ng procoms, 'rhlo ou~trlun livicu
flh'() 0 lin rOUnld (I0t)ON111C'(i 1110110 01-' 1(111411 W0 (I ~IVU11%. A 110)(1 6-1101 Hih M ioc ~o r thu

-~- -vary-1nrgost, partiIcNmd Ind in a murviloNM unvomm 1,11fl1'i4uIiotighoit. '
the motfiium-fifirm mil mmnintlr pflrtIclem, #1though Ithuri' nro Jno Colri yoil' vtllit-
titun thu -niro volatile itilumonim niny .(rm RoIutioOnliflI .partlelom With t1w.
Inlnrogr-urfuooo conicontri tion ox moma by vltnlimingI In kintIVYly hiligo

7 7nmatintm just amopntho 13 Moruwm oldifying /

__ do_ -gnb nwihno h mid mlmu~lt lierfmk Uu 1411m rot' ft'illu linici noI'.vd'l Iillh'
numlfr 61' alaly p of tunejlor~t~ pod d rphr11w pnrtilol noyi dlim lir AP'uv n dtlu (

mulkiltiong, nj~) tho numboii of motes of 01lornonft j .h11 110 Pliilitu to RIVOn by,

ft Irl(owg) + ON/'hl d-~-~

If. n 10~ Ii nkin no the totniminunibu'at' ofiutom of tin' unprrlr hI-fli pliptluiv,

0, 00 N~h~- -i itL _ tl4

1_ (1) o P) NIrl

Ila,



unliuplutloly ,Inuqll.td 'Ih'll i'g'00tyio ootIwl(ftrl~ltoh of thil woiuiv n1 p)n (1i)Nj
butumomIIM ifJi1JitIonti on Inh 1(/ i-11 I'.2ii1 thim noul¶IviovYIW Would bi l lIiquivil lout
to (lil L11i146i11iiilulii ol, 11inhrauuItM of autVILYty III il'p joutlou1 to till, Hill'fIu'u'o ii1i'(11 (1'
tho partinito.

thereatveThero arv. two additional footore that vould hinvo moint' hearing on
therelttle imont f n element that aondenmeo into Cho 11lclid portiolum, Firmit,

tolargor ptirtlulas may fail out of the gasmourn volumo iefore they soliiad
second, they may be melted only oilona aide (tint stifiiolontly moitud to fori ft

- phorionl pnrtiruie), lnnh. of Minn" twn grupjnx ppr(1610M wouild Poodenso
smaller amounto of all elements per pttrtiolo 6tlia wouldi im otiolnituui riluit

The origins or the melted Particles In the firuball may We oaveril
' in number, 'rho small vapor-co'ndensed particles origirnating from. vnpovikod
moil have been mentionedr, Mtaps Rpm thu pact bias-1 that worn. nir~inninly ly"Ng
on the ground out Ic same distance from shot point, some of which probably are
warmed And perhaps melted by the, boat abuoarike from t60 radiant energy

N .emitted at detonation. Theeo partilles. are~thin dirawn into tho rirohnil am
itrises -

In low' air burest,~ where. A Mey small orator in. formed, the latter
moelhanism probably io the doriinant proasoe by which particles enter tho
fireball, In this case the migo distribution of Clio fallout particlas that. are

___ produced should be the-mania am tha nrcignal mliuoj~taqihatriirn" nP Ohuti iii,'fnri anilI
nthe deonattonp* the blam wave would powder the surface layer or moll to omani

depth and-the resulting dust particles', like-the surface-nipited particogas wouldI_
-retainl their miss in the formation proocam. Howevor, these partile~~w lW
not be Molted until Mfer they. onterd thWt~bl

I~oveureouetoatinstwoOother major moohiiftnisinemay occur
that Maus partials. to enter. the fireball, One is the "jetting" of, the mail where
the blat or -shook wave hits the noll surfROGI this, should-obhuO At very-aavdy
times after detonation, -The soil grai~ns In the jets may be partially-heated- oemý
event melted by absorption' of enrg fM the b3ast wave Anil theon vatporiRod si
they peinetrate" Into -the-hot 11lreb ;%.#am~ iit -high voloolty.. rolwh thins0 eletion.
of the surface-loyars of poil material, iusw" uolpsl but thin lay~ra of-goil may

- -be melted, It seems veaekonAbls that such a liquid layer of moil would Intervene
__- - - be6twoon tho viipor ini thu 'firealwl aid -thu layor of' hOack-Im".warud -orvart aslong - __

as thoe fireball rp-moined in 6bntact with the eatiasrao--l nug-h-"fluxing"__
*matorkil (sU*h as the caf;rbonatas) is prement, a rather largo amount of fluid1

material could be farmed, The other major meahanism takes place-ols the firo-
ball liftal the liquid is broken up Into drops t~hnt enter tho fr'ivewl, followad by



1,iiuv powf) 'Ivrol Moll.T II vIhi'llIuuIflh till I 11t~ilk~-uji Ofi 00li Itilil ~ltP IMM H110111 I)VII1101%
1Willf~ 1110' NiRit MIMIO dII I l'I~IIMo of'f put ,)ll't~t iU frolio 1111 II(jIhIli 111111 luivy'l jlilutuii IIIv

A fl~umoIptivu milltliumpt.Iica modol ol thu I' oftl --ln giving Kit mim~i, l.urnlim-
Atrrnatc of itmr, Lillpey unniLonltft, und 0l-hLuV c~B'o '~~IM.$W IPdd

Nl3Gatfy 1,h1 btiondary tinifltions foir lisp in Clho condunsiltion uqluations tpveutt-,
cootly, the minthornru-ourl-doivuriptlun of thu i'Ii'ohilhl should hu tc'slignud to vililt
-ct~mutux ot( tho qualntity, n(O~/ V., ln.:cdIdtIon to the other"n

rThe (tosMi'ptivo okl4eoot~ haer although oruda and much over-1,
Mlmplilafd~, At'@ borkngiiId to bring' taitothol' tho materl ptrnlotern (ha0 loru In-
volved, It should be-unduz'Mtood thait tmp'OVOm~ntl In thO model vanL 10 MaOO
whon more doit INs of tho. bernic-datia nuri ilvuo~loluv.d.

The 1Jan1oo0 ý'efoi'nav data ftrm N~NW usied hore donls mainly with thia dIt-
RnriIption o Ofir And/or vower ttetonationu1 To develop tho hiodel pralloottid- I
thiti rc'poVL for' tho Rurfrauu detonnatIon thu ptlaurLtaltrs dCumol'lifg4 Clie atll, b)Uld.
onIlM woci,' ourpnn1,od firut. Then tho miklor differohiuns anrd:nimilvrlttIhIc In tho
pimrmotormi, for tlio two tylpop ofdtettnwr noted or assmelmd. Frohl

thomoe, nsw punue ,~ofor the ~iuu'iruca burstal 1om11 wLII'O umtltIuhIId, Thu
----- mdi Iijiui, -hur -i-t] ,I10,uup- jr~-ilgPt~~fuihr Mhitiaui

-Unondr'npntion vcol"luluw twuiui durIng Clio unoling oIf the i'-I jdiilh'i itholcifor,'u
hui higlitiot tI4IlIIltlorgu _ olistivl hin tho finatl vottittill ulliwo t1hpeft rvihut IN uput

tiM i i~u-F-e -it Ilvt tolpitti' i~~I(.~'I-ia eioftuOw PoinIt IN. 1110 tilul'
Or Clio Ovuond-MN~I m unm In the okiservod (exterior) t'ivualln tcmpsvAturc, WMdb
oeettvi lost MotIoiih bl~at wavo bsreaks -nwRY -fram thtl firebull, At this poilnt
the enorgy-of tho shook wnvu hnis floortovmed to-n- loyl itt which It is nn lanvot-
tible0 to uftiweu inunnlmeseunou of Clip Ai r mnolopulun

'Pil femasrlptivo nIX10"o Oor dleveJlodnout ieo~rding to thu following l'umpuutu

I- ________________1,_ At I hr Mlii I!LinI role 'uronti t lin , Clio t;'muli 1(11 r I hv I11kLITIFrl too pily

Is Olpvoeut1 Cotit , -

h The hlast. wove
TIho aolluoint of enuigy lomit by M u rniud I viudluulion



2. Tic.' orlglwtl11 Hinli1 (1 Ii 11 11W m tvtI-11i III till II roblilI IM 11Mtriu
flwuiýi Niflilull'l~l t1iu'i',niiulyIIuunuiut' H111111 III 31M"IR' nuni I 111o pi

I ~ A~ii'it' nijlu luln o Iuolloul NIIIti~.Vto 11ltimi dimmIWullit'ol, 1.114
* (iluliI~tVM lir P1' III(IItIIItIIIl iN II1 nimoil iNluI on nnolm il'I'mnliut 2)HOK Irind 1114

4 1110 Ithofi't't ii l-l ito~V olmIh 111114 liullJI lv thu liI P01)011 11 tl lltvtI

4 i Tho Inhinat norg nfIIInHewonm ill-uniiind/oi' hu lroal oIs iio i n'nor

h). Tho voxiflnding Of tiw gxu ntn itail.o thu oxtornul ittnlnI4jherru

a, The radiating of unargy into the atmomphoro

fj The soaend. roforaorto point foil natillilishinK at thurninl britanve toi
- ~~taken at thei wnG of Which Ohu iiIlvainiolrtue-fltog'

A more rafinodl trantmntaf wat~id aconsider thome paritmotorm fa i whoe 0"
tomparaturo range over which th0 filqidd tvn]i1'tl nittorii~l eant exiot, Also, ox.
USIA for vilergy l018t through undltatlon, lonhiiotlon oncrglam i nr not do"1nu1lopol.

p.,Ovim 113 parcnent for twelone r-niation:n, IjMprivant, fortharntlmn rnitfinn0 (RIW' , _

o0AP10a1Inlt Levine tilts thormal onargy), And 310 poroant Wo blitmi anti uhook, rho
timo or tima period aitorIhr doinnatiInn ufl which ldiomý valuvs apply temp hipefl a n -
nor is energy allott ed for-the pronamned ejiuierittud Above. Oaftainly the tdie"

-2 tvlbution, or the total Onorgy among-It. vftviotou fbpmx IA thile depantdent1 And
elventuAlly All-of -tie-lilblonood oanrydMiool hormal ovr heat onuigy. Thit
for the purposes of fth demarlptive modol Umadi hoer, the initlikil'epauffifdliat or
tha uaie" dletrfbtliln im requirod for ,the Limo of ilbo oedond torinporature milxi-
mum, 'Vherofora, of the_ energy distrlliitlo~n valuies given 1), HINW, only- tho 113
P@OPent for nuoClofliv rnhllatin im POtkmounw to 110 uumwallnlle for time in othar pm- --

ocoses, 'The rem olnlng t41 lirount i the, li t 1bu thottlliutcntl ftning

1, ,.Thu onorgy loot hyraidinnuu -

____ ~ ~ A ob- ' tie nrgy.v uonltivit oHI 11 f'llbiiII



In Il il ij t he (1411110 oiit,~ 1,111,N mult g 1 ItHI I I o lrlht I oil t I ll ,I I h m, Illv v I l Ill ' It I f1H

Im imi abI o I ilo'm cliv it Ion Inton 1tirhpo pm t'lM

Inv tho fodlowing tivotuiwnt 1,IH: nlmmtmori 1,11 luio tILI)' molouvlvNm In ChoIw bloHt
wavc i It onvo tho irohnl l~ov utwit~f ii'd lat xt n~ ou mi, Im the (.t i'hll i .ox-

litndinj they five rnot onvuavoiop.i y ClIt fivIIIbr .1-11tt o h Menfir 'l t iop t' ITrl
niruximm iun MinCiv titoiti tinlcilt Ioq rib~ot'lmto MOI h' lof CitI(lelgy'l Ct he i1l(1Mt W~iVC11

r'nvntopnwti at~ of a CIt It It Inn JýJ 1111,111 Would I ncrlimot thu, olpIit't(~t'MV itmitl~tti 0 I!)('
11 riid vuoIIti Intl ~ toi tho unr1.onm ad mw~y IV the blut wnvvu

anti Co tv in mlit ma utxlimom im umtLitiii i il to-tiltN poumnant, ot' th111 ti ultrl 'tit, mgy,. tOi
bolow. tour It WO-WPi nilt, burt 1 theo mdulial CtvylMu toih I aI do
1 SX101 0 1 alokim't. ThIm lonvilm 1.71 ~101113n Inrvtcl Mrt. 11011 1`6,,11,iif.nn ofi till

-- - -fireballI amd di"po rmui by till ho init wit vv.

-- -Thu unomrxy un u'mod ttwnty by I hoot! I)Awfve no -it, flopikvirto In..il the 11w Im
ball should cianmiml of

nxv Thu~ bIII1,111oinalvrtgy unnivill ol tClio t1r1P tnol(JOVulvm expil, 1FA"'d n IN

- - 1 I. TIho oniintnogo anomrh Mel s, fI. the tiynnmm Iaruslimuue of Cluio italno.' itind--

u. Thin poteftifil etnwgy or' work oxptimmnod In torart of the outwillid 1106
batt~y of the. wfive, 11omi 11 90-KIV vtuld wonpfon tho nitii'niurcd firuball

tOll) u di.tu't ivalmot~o prior to.1,1 80hu mnod tiaixilnumt (Ilo.lNtb

i111 1,0111 lilt Mii(t'l~vo IntINlItib( lad1]ofl 1111101tti mrmad am~V1~ tiInu'um tIn.
the.. Il I, if hIdO(1, t'0Amieta -nnomplip (inn * vvp;;rnm 1QHphn IIO by

I IOM



Th poi.Ik uvt 1t )pi ,~rtui' I rn~i PINW, 1), NOor 11 1.40 KT~ all ' I)III'MI M111

whor'e r to tho lircibjill odhium in am ond i 1(4N the oeoi'-pi-timaui' In pt.~ The
varinflon of the lirohuill radium with ti-nw. up to thu hi'uu11i4Aweny (frVoli INW, 1), fMý
van ho roproanntod by

d~r~poiatin q 111,01 to LOU104 omi p im (1I0 pal (42 ritmoophorus), Thel1

Propning*ivo f h pak mecondi p romu Ix 84 a hoi qi

to 2,19 oa1/omO Io]' O " oula/m~). o epraueo 10
(i8Ut)*V), tliw nbor d-rmole. of gsac tomm per om~ It nta pinoIuro of' 41
M~momphti'es, by aeo of the porfect,90A tIýW, In 2,00" The einaray Asbuovhed
by the getm dufq to the iiimprhmmlan is then 01M1(Jn onti/mole -

The outwnrd, volovilt of Cio blaitatwavein'l olflnlnad Iy differentiatingSq.

UOfng the groom. kinotic energy, 1/9 mvp 04~ a moamura at 'the ptotntial work of
the wave in moving the air tuolocules outwar'd, and oohv 6n ah measeure to

7-nunmbmr at-IM¶16- dr-AI~nidit to cialoria unfit.,the anergy oaentont 0, .0)~16 maound

Whirs- n1 is number or inoliu of air._An the bhimt wvav rwiino broultawny, Thti-

4.S~xiO~ng

Thu energy content of the firulmil At thv ýeeo#d-Mcxmuln Ehould ba equal.
to the ewer". utll~ud In INa lbrmation. Thait I*, it oanNININ of- _

III Tiho intont'nl anargy fat, it tomjmarntiiro.,01so to 11100K (fur WO-KIP,
Noe ENW, p. 611)



1) TPhe' (11MM(1 1t~io~ n (it' I oi (Im ltin 111110)(11 of 101 mouilovil t

(1 11'110 WOr I'lof VepiK)ndili4 tho guimfi to Owlt II,'1hnIM11 uolthiti
Wi tho 14flouiinclI "Ifittn

'11w tlowrnutiyniilo rwitt ipy oiwirgy h. il~itne fr rthis proucime, twmourniin Iedo-
behl.11vt of the WaMON, IN

nf AX i~+pa V1 4. n., (fRl(I

In wliluh1 11, to the number or molex of undimncntotinehnr molmoulaN, w' is.1u
flurnbhp (if 'iaiiiaa~ ti~,AZT#j Is :the,changsr !i internal enpi'oy.

11111 pa moe fiurtnlau for' the :finail -mixtitre of IpRee, AiflI
-- th oOva i'"Vw (cI"uputnt!" n engy pe mole of clippoolatelw atoms Vp W5 tho Cllrouinl'

voluma iowthowouoriAO vvatm wn "M u llnjl 41nn aubatiltution 100 V", VA Vhare V9, .1 L
-the original vou lum of the hoated air molcoules, Ti ttIwN 9811K, anti 11%
IN talwon on 1. sitinuuoere.

- - 1vot the auxvo i ~ven In :EDNW,_p 05, Ici' the 9(fKT 'barst, 1tho 113'ubei'
fatdluv at 4ho meopndI-~iap.rattu'e naixlmumn nt-O I neomnds~ 6to 42 eet, xi
1,89XV04 am. 'Thei volume$ Vii, Us 4hen amI1 "' ain~ d hvnca M, Vg Io

The witluiiu of A 110.1AI, nit and nfl' ~qapand umon'the Intarnal .pileamuro
______ ecaue Viha tduydo of dlmuocaiition ON thu syuu and~tiýlbvfwm .eupreousve UnptlRI V

Iiyei For! examrUp, Wlth puttv nitrogen wher' te laOIN*64 on -~t~ bn 41imhnv

the filactlon of the N (g) mlalmdaoltdi

whoro I, to -the dimmdntlcatn aonitant.i ters f Ok ju~i~ t inwmn(~
is the total nnmouht, of nhlrogei In *tWnin of Nm:(a) nnd x Ui 1hcý n-naunt of Npiia)
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Apperoxisnlnv 4(IlutAii)m for flit, tI'iljM'hitiII rinrgi' 4(11(10 to (I0OO('I mul [fir

"~ LV "T KN j

W"er It? thueatal humtsour of makea of pem prxowni.Therse equittion; can In"1
0.1otve by ta cone a, uppgroionanllone,-Thiu change In vncRegy o ntIwllg
-dwhaciatttim energy and 1W1191wr !.4 nios of paM In h0e11i4% ofr a flu Nh ica? gac
Irmmn Ow above e411i0l118 Arc- SO.V'w In TWshO 0.91 t~wHe ET1K O. VUAW Bt's am iw*
IdMIIlfoN with 1C-l ART fi of lVq.A, Ol The fnoctiout of Cho, nitrogen and

o*~ten neleule dwrftklfla'si a twwt feetof toDmponnitn' mu? prcui"irr fli'0
shown,:tn FlIgure 3.1. rn1L02.

At the tmimpuorahr uthe *1 m'umi naimnnum of the 20-KT fireball, N30"KS
tair Ourym Show, m provtwusly puta1fI, tht itm ofirln malvrule araý 100

psruil dunatd a poaurta p MIOatiogtoeuorgrcntr.However,
th"nitroge nioloenleeare MCtI IQ" otssh(nl~ hn11in 0 Prrvicntre
dlsw~mntutsl. , And, Whobo-tho dlsmumoc'io enon is lawg. compareul (a d"e--_

wdr eootrizuttoew, An nttim.1. Of dientrnal pa. pu'usurv (it tho seownd i
mazlomuml -Is needed to obtains reofaMhio value of the toald chaqu in *ury

We Utilirball vol m] ankemfpo"lur. at the amw~ ra~mno
AprafMod" the.1mitoOth0 di mut r' of- Moles of 0-0, to ls oiueurs, b,# auulh iq
law_ givrar~tr pwW iwl I!_-



Figur. 3.1
FRACTION OP NITROGEN MOLI!CULES DISSOCIATED AS A PUNCTION Or'
TEMPERtATURE AND TOTAL PRESSURE
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rigwis 3.2
F-RACTION OF OXYGEN MOLECULE~S DIS5UCIATED AS A rUNC1ION OF
"TEMPERATURE AND MR56URt!

P., TOTAL AIR PA90OURI
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THERMAL PRtOPE[11TEN OF1 INITROGEN AND 0XYGENM AS IDEAL (IAMEM1

Di#3Wa1tion Clonstant, K6

M9 0 0 0 0
.500 11001, 6021 ,3 I81 --m

1,000 3,724 6,002 .4,081 vitae'-
-11073 TA -9~--- -4-,-- 0 4179
2;000 - 10,050610l 00 ,1$8 7,20100 .01

_-1,80.0 is 830 6,566 14,560 6,082 SA85u0 2,040
BOV00Y 14,600,: 3,069 16,070 8.,158 1.664-10"11 1,9 1 lk'U

.4,000 as8,750 -11,100 351650 11,180 2.10-10- 1 .17
5,000 Solon0 1-14,00 ~as 610 -14,I 1.69M10G cfl1291
00000 ST'so- 16,440 42:W~0 17A5 t so .111110 ISa01O
17,00 44,3950 19,810 -80,130 111,040" .0,274 .1,1m,10
SA,00 5,5 IIO 7,ailO. 56,3650-14,800 9.4'? BISK10O1
*~00 ",811 5160 4Y i050 ~o, - 4-72100 - - 34A~04

10,0010 - IT,50 21060 746,370] '11,40 LR5a1Q0

"Ilmole for the hog of formation of 4(g) aimnif 53,335w oaiirIA-be Useat i
forutAtlo of OCg. Thu values of AN - 61 forati~xn iz 19,m I oal of'o

N~) n 5,20oal/malaof 0(t), 21

lbe cther fat ema~amtFirst, thw fireball is still seqpandiigatM
the Mocond maximum Iti refora, the faternal presure must be greater than 1
atmosphere. 50oed, the blast wave aeparate at A Preeasure of Rvouhd 40
atospherom at 1-011 aeoond 1-therefore-Ate tnteral prosuire of the firelall
must be lots than this and would. have docese conidiemably , by both oooftng
and amp"Oft~, up to 045 111 OW, For ossiupleI, thelgas volume st thu bre , c-

_ __- -awWDr PQw - ,4a47x10U amti thug 7ltow wuo'eudy
factor of I be"en 0.015 ..Pd 0.15 second so that, on volume expanxiall alone,
the-prossure would have deorepeed from 42 to 6 atmospheres.



Th'Ii Vilhlr'm tfl tho 1,ii11 of fii'v tutdimm limt'3ri of' Kmu IWh'lvili'N (iMlwSioclvd
plIum4 (IHdimm II~uItod lifii ma1lool.0o~m) to Ch 1 .110f fl)(11. of ~i'~l~luld (1moil lid ,u 1.il5Jii4
mulavIu'Iom n,, hi,, . for' hlituin aiij r (0 ,HIN. 4 0I.20.0 i~ I'v-1 2914 to HM800l1% 111 11i I 1
oIncirwy 011iungo pot ri'ii01ulo of to lIhc origlinIi nVj molmoult~im Idlng. %t fli11(
courpntifiblco 11ic.1o ouS 11 luld "T frC'"l lI'N "117 "Pt' Allow" I Tit' 11 0

Thio totail onavg~y rotiulred-for hamting umd dimulootitigj 1110 Mir, nj, (IiK2qI),
for cach val~ue of 11 mhowbi thett til t~ho itVni114WO rnnov~ for both 010 41.1441 W(Vo
and the4 firoibill womiji Is, trqu~roq'i If tllý14a" Inlarnr4I m rT?4U4 WN'O flv nm '1h 11M N. J

r~lvo~phroM in tiN i 11,10h mr1IKIMMJ V0114111 of' tho Mir, Imc IM1iiig4 lu 1.1
Pcfta ,g lý tLw, wnuidbi iflnutiol fN (~ tin'~ r rKIl~iuthMil I.11w vrnho' rvijp

by thm i bimo Woveo id, Lho Limeof 6brOAI4Nw4. (4.xUii)l~nI'I

not be muhub it t6 forbo-tc'nr1inj W~ rMovpte I1or rwiy fram. -himi r, nto, ni' the
vutpnlbim ro to tho-mrrivalnl.-t~OrUgId blas ilcO a t romriiy good'i ro1'Oihmmtl

Intho Wtant wilve paciulwl Im lihr vhr'y mrai tilJmv uudomm'i WU110hfi aluiiii;I if 11J
-p-o4att 11or tobelcwy 'Th 1rrifiv gof 1i Imfl st willri, f raurnl 4ratatVNrl i~iivIr

of~ ~ ( #h wttn d ioi'~~ iiovmts t~holk mmhu' Wo mlovido (mi iw f0*41hoI1:

ntu"nMaar ofRI molr toiouos i~.n Ott hlccnt wnva, find im, 1t10 lu~im) fct ~~¶NtlI
.In Or firolm*1'1, to 11(i

U.9rc ....i 1, i-tv 4 m" of' IImlt 11.11 A" 140,114,

i~nni n-pi-cinot 110 comp"bitih vlua o141 01' 12ive ~fqlmiiitortiollil III, flnu 4 4TiN WU
moeeorcu i~1I'1 inntmopbarom. At 1thil prmuv * Jiwj1 4g14 MITI M1,41w -

.1110101 or Air 'mlr 11 tne.~ 1.90 ~loiiteeiwyo~r~i1vil ~v¶ttn
ic-K 417 m1- flOaintI iiflAI Altit-ogil I MAX Va uý; tI*1 t91 h

Tho yiodcklu'm wet 0m401 ~p Imoim -cift M.MIl.m~4oijp#) for' VIn fleotlmill
Vopt1vIUN, m~itlNioi 04F40' pma~oot (ýo b, Orci t vots, train theInformpicton

givom n Ul1NW, ~ 1,itI 1i till'd aIlio-MA-M tii Vto ti~etm~eit lip oriv ame jttmlnniO
motdo to ol~timt~ni'oiim~mteny jiimong tiu' vni'laoUE fwaivonc

'dip flicirni plpo of Owi fie,40m, n5~1t1ifihiI'blili~-13dy ivomf~aio, is
Rivcil by

Imr P' In vcfloi crmo poi irei'ond, T in K, rind 11,1 1m flmi vliiii irndiIin vin i Tht
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1,10Iiii ~ Iy i mtfmIIrit(fV~l !l 0111111 Imrg 1111ifull IIMI tionvh NI rui Ini u o bmith (140ro r~iii

I-l11ianH111fon III~ uuuum uimpo i' ionitri I IWi mUuthrvinvi~m InltiliI Ind~t Chi't Inat d oimomii
of *uiq' rgy rII1l0t tW Im, fit I tiNt Mippro Iu muilt eIy., proporli annIlla to 1111 u'u10u(mIo
anti I'Iy, Tlla r~ifliuint flOnry Wait lip 141 th- 16 tillti of thui Mauhuind I um1 i ri),111uuv

A od Who!-n IxprtiminnIfl inn hoi writivo frirqsg ýuu), th unoluFy rn-dtimtuiJ o thi¶I

lntogrAtlon to time. whoa Intinndopcscnnu no longer cacurm should lie.
aquivaluint, to liho, total meamurd amomnt o~f ýradilated dranrgy1 , Intoffrat~ifi of tlip
P/Pp OHIWI given in ICNW. p. Sant, glv'im ' (n):: quiqt] tu 0,7 1$7 ft'~ ortog
Tho viluo or q1(h) Io found to~b Itie ~ n by

10
q9 (a _ f /t ' 

0 d(t/tY+I ~ 37)-

heeP 3 In h tho nQi power iRt tha Hound niaxirum, I the Mlriw-af 4ho
maconld maxinmmi, flod I-0 q3ao I the Inryrcfta fs~t t* 0, The

__ ooond tarm nt 111m. 13.73 wanl dnrnivaed-oI thnn emmia mfrn nt W nuid gl thit A_ -

preolso, roprooomnton o6f tho P/Pl, curve between t-he t/t- Mnlunn of_1A midl 1o,
-By use ofRq. a-111, fl, can he written

it H is uumumm) to be constmil In thin Interval of tlimdu t~a litate--
__ - - ma~ximum rI~1rl~lI rildius., FIM than wV havuthut__ _

____I I sit 1. mr~/~~" tiiS/tp 0 I

otm 1 9 ,40 ./D n IA



11wiotho pulw'v o~tufl~I~~~ with iln' iml Wlvoi IiiNW (1) (1111) IN I('IJgMIIIII'(I1
only nipjwoxinlntenly 1)y 111(j O.~1.A 111 thtm 1.,1IntV.' C1ho1 114!I'I(d WhoII pilotIU( OJigI111tIl

L/1,4 11in oII MII w( 1 MIiIoflfI for tN,

Onu tho other Mild, for Vlpr VAI'Moo goi~uNtg thun 10 tho tonllKippattir I'u Oive

Im wull i'epireuntod'by a funotion of. the form T. oxp(-kW0t), (T, ond It 1 ing
constant.m) whiah. Joins smoothly to thu ourve from oa,(Tkir timm. ThIms uggouts
00a, fni' tlmaaa gruataI than t/t, of 10, an oxponontiol tumjwl'1turo"limu

- - tuoutioin should gAyu a-bottor reprameiiuitlon of tho tohp vn-tuiv vorintlohl with
tima' thou iiWq. 11,11C, The function, fitted to Join H4q. (3.82 #month ly a t k/t I, 1 In.

0, (3ST a~~i9tt M 0 10

Thu value of I Oqv" can bue valubltd -by use of either tompurow.4r
equntton by noting that, exporlmntIy q i nt moAuurablo at tom w PA WuPON
lI Ao r th fn, about 0,l1 To(ii,u, boItw6&IIA-1tO rdAOOWK) whon tho aostimpiton-IU
made thot the fireball r,'atu rea C onetant tr uyin eida io

___When 0.2T1 Tm is ubotitut(ýd fotr T in 84q' 8.811, t/tg to $196 and with 14qf (3,81~ It 40
__ 45. The time-for the tipuz'atuz' to drop to-t of]T 04 I a 5 maband.

(0-KT fore 403 smucoitiand 7 apoandu. raopettivvalyi, 1-eARPA40 of thurlios
overel"ih101Rt~rofl Mumeof I.114.19,11of the.-lime for~ the tomperoturn to lathl to
O.1TN1 a high value of 1W.'~ would raaul1,totrm Its use even wilihnut an01dl-fInIfl
an Inareasa in the f ireball rodliusaftor' 10tl.

ti "two 'Popiulitiuvieun lof q; 0re 0-ASP1I tI f ro q,0 tw nc-t).M' lrto for
-- -Nq 118(31rr~iit~nh~ist q. -9,81 wvOld $lve about tWine as much ra~dlaid,
Onproy emitted ofttr 10tj ao wolntiti ., 1,1 45S., The turtial 911(rrgy rIgJIMttd~l (r he

by Uuxt of 104q 1189im Tt'F from k/, * tg -10to No( ear

by use o0f ENq 11,1111 to 11, from t/Iý 010 to 453.
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Ift ho InlohIi'nlin of' Il:NW 4p-:1111) 1, timed ln iolvii for 1,11" t'ufotl tulun
pimwtth U.1 t'quad 10 WV/13 m unfivirlv (ir f' M.00t I m otihiInedl thiMtm ,c~I~to

Ch 1JU1w , 0IT~u J411~ ;,1,94 with~ tho uv mlvo1M ImYI~ n go vnluut ofluci Uq The 0010410111111to
(t'C I-It, clan Im molvad wit~h remp~ou to th' W tolil aaiblo onnrpy 13Y (IT') ctu4lR to
I1,1tUl f,1W in valovioa, whor~e I'l to tho Iroilmcio of the talmi eorngry ralomNmtd,
10pjr Pp In Ii'rmp of R aund T. khci Above qquatiumma pin ba opmnrigsdu to givn

I' .1U~YS 6~"NT,4X W t. a Wf$

where a to thtt vooflolomt ofl P~t In1Eqm - 3,14 and 3,65 11'1 t e. rviumiv -use'd

substitulied, fo11u tho-P I4~ CI' so that ror an A, vniuc 2f .0a, f, is 0. 1 M

faj, the vhalu df 61M it-Is III47 -Ths- valu of #1 R101 vakcumaid from t.he NiNW
claiji by ustinS am f -vaiuli a0,31 to I bvX4 A.~h gWx hvom II Vall, C)OI I,fo~r
A, tt mlyýIm ,00110lueot fr~om thlik vp~1uthot the vurven for IR "-r T fur the 21)
KCT yieldI m~d Choe Morm-sti~tb en q P~irn Me JMa Cio NW I-t" itat n~f d1ai

The dopmondeiic' of T, on y4oldvsm~ be ovamiui tI PUW f~T ~q~~~

11-ths-vAimps -of -11 a MA I.At 1) it I TIC :gd -A sM'Mtwt from- NNW Pre PUIstime(1,
the ymii,. of To I Mimf to be. 41601 .a, m .i N!¶tion glve a Tg viai*. of-.-

g#110%fo'r a I-0 -XT -vtld ind ed toI0' N o- a t.v ma, , The . _o

- - ~~~~~ourv. In ZNW for the S T $.4id414h A ~piyW# ~~

To obbU.- moveu roomaust4 pad moves in*e uy *O~isua*Ot Mrntflf klmf

f r"Ni NW wor'e std~iastec to it -not that wits Conalaliuut wtI~b re~fIe4-toj t1fij

flu~ioa ad-"~ numlet O1h~Iyti Teru~~~mto ucin wac

qT

q ilk) 0, 08O W X 'l~ 1.1)

q IA 0, 4Z W KT(II)

0,.49 WK (3.9
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Im(Itiltif r rndlimfloo, nd (I n7 lit lho ft rakil"il to Olo ifi wonl nixiI il m, Itwlud(fng~
Cho 0.J11 looil ly radiation up to thal ttmo) Igijavra fromn the aboveI separations,
0,07 of' tho talal onor~y Cor Plivi prooomprip Ps hwttui tig od wtrxng of air thatI ontars the fireball after the voat unit mgmittiuu and for expannton of the heated
gaa agansnt tho atmiosphere.

I he oxpunsion of tho fireball i'ronm t, to Mma~ of maximum bxponsion.Ij riwproxunted by the rutio

This ratio Iu the aen Ifu d from the dat for the 20-KT y'ield In NNEW and
replwacs ths value deriyod from the P/P, funtion.

I - The radiant un*Wrgyfrm l~q. 3,41 in tarrmao~rp, Is lgiven I1'

I~~ ~(a) 52 , 5zPto ~,I

d q1 a)a0, 40 Pgt1  (11.94)

I 1.0 g (a) ii [68AP t, I5

11M. let a AA.44 i C, Ilii)

_This P~t mulitplt ~vqq (e was- redutted0 frowy 0.37 to 0.40 so as- toetatin
lihout t"e same ratio 1m, n bew too A)/ATOP m 0, a nive In I MW, TM Value it
L1 0qatts~ -1 Ito- 10)- WMAu reasetd w a-ftor of 49 -duo ote hn to the

tag gien n U~, M~Tke r-vriwdpde 01f the IIA IA the VNUltiplir ror
l04qffm 111no Ott toffn1111we doormf~ Ifitt. O 10tk'I Luýisubte
t10 Oibt~ed- by Nq1 1ro*4-I -to "n rJJtelrrmlile trIqt  a u~ol

he otaln~by oonwtlnEtorn inceasein thve fire'al 41a-Iua with- -11-i&to
104,. A alai utonfor ouuh a v1Ariation' of the firviall raftsu with l/
when selected fter convenimnce of Iniaegration is wfill as for expvessitg on'

ao"wnts acculeration of volume *xpon$en, IIN

I 04 7 021 RM to 4 (i0.R7)
-when the-Mipitlunts are ovaluited. --A-fwivtton oftw Ilrito - -

am on estimate of the fireball radius for t/4, valuea less then 45, In this 1.mo
period, T will duaoeAao to the order of U IT, and the Increnase tn R in about
a factor of 3.5,
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m u 111111110 - 'uH I (rL H' Is 1Hr(II1"0 011 1 111, o 0 Ilii 14 II t ,,,. II f~lc 1ln1iIf '(Ile l ihu ul Owuuu

Wtill 1.1141110 111i IldON NIw illi iiii M i , 11Mm(im o l
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Tu in W-, O'

ifn n voinWI w ,~it futnviiwuu, thc' rt-rit A m~ ri~n thr mI PCc~n
-of 11,11 mnot'gy tat 1) rfri Ii'mo ponuidtnt -of V'i10 d, The ericollnry n ~mlltnp-.
tion. JJ tJh Aui fire~bAll v&uiuItloo'~ nl tho viey~ld-ar. ifhnl piirnp61~n~
nwtric moilin AipplelN Then reimnining roxiftiwl difference 111 tho. oitporunpui n WI.

___ ___ __ n~~ulvO.IAVF f itidtrtbuttirl Ift muml lliirip t07& andTV (upilnu tle iNWW _____

- - doponticti.1 of tv am-boling praiiartlAinn1 to WO'll tn mtrt withi) and- that. 'fo E" and
_q to bu0 circvt'iy propobitonn1t to tiw yleld, Ta houild lie n1moontInrktinpmriont
of Yield)

Tho voficant tot To wn,% -01111 001v'illnga I~rithfitc o4vmpolottinn Ot tho.
___ - -~ ~ffi0I~!fiornku ourve -in HNNW Far~ thri 20-11TyldIoelnpw~a llno wih~M2 1ao O

Thp vuefflt'IonlF't~ for hn~j~ bynau~~Jwv~ fm tfrom tirl 1`WE,_'
priuiwo Th ivc' tltt onniv ~immeenoRpnc eli'rtcn~i tnt, yt'1l tvf A~I`al44t a 11 MT, Iii
d~lng thill, tg rOP 20.WI iN InUMM~INritI I`POM 0, In th 0,1 mVIld All)(1 PnIP Io 1MT It
114 dorro'npucI fromi I:J to 0,tI) mvond, The wfkinto$wt aial diver

--111 c'nrioponding olu o'thI'M(tht' riflvuIptnI iIirminl('Lv of Iuite'rvPoruIii
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t~uuw 69x 0. UA SXjJ(w0, 79, W, 0. K~ 4 Ij~ (3,D

0. Q.TOW0 4sea,,00

amd

It, 4.4m 4axio3w -aS oxj4§, 7O0W' 4!3 St )4g tt 3  f 43to (4.100)

The adMvMseti pu0 t rn4"M MIn idla4410est Or shlftl Of ithe -

p0awarntr values -betwnx 10.4 M 4 pevont twO.A ftoist;~U~r~
I-or fte tlrcaU. raua 1s For enwte,0 its NW a Va d matiso 3wrt
1'0 Perou~t twosA .to( 1! AM 44 Purest 1gtel5 1-WT hmat tbhxAsawab43w
JIM tVuatmas ThUs deouusso-a the raadts ftes 6M, -of, INW ts lIu*mpmt

___W wthO Iha lusrnttuAso Otbr sthwu_1i[NWe, fur smaple, writes dithket

___~~~-vo Y aetlul n uERAtf O~lfIu~ta rm Ow~tudeofftsummudwtm&Uki

S.ai frmThe 'meda anr obunt wmirhawyis modalt -of utltbe rtas I.(me-

Te asene ra (ted for the Ai4urtmW kioaon of the 'fisson yield4
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4. t ITho UrblI vuhAimo tat 11w aiuml maximumfor (ho uurIftco bunt in
the same is (ML of the hr irnru( oxeogA thai. I am 'a hcmlsphvrieaI

4a~o We last amuuu ini first(m,

wheno ft, 4v) LsuO Uh fr~nha rdius for Lb. surisc burst Wl R, (it) Is (hal for ihi
air imrt, The atoof, Ow. uwrgln nodtutal into the msir o apacenus Ui two
fr~rbAlI;- Ow 4b me of' 11-econd mmaxinwm Is

- Oq1 (m alq0u iM7144T. (TIuPrjia44  (,11

Mwsu q1 (al is Ow. radiated energ and T. (ais Lu the t9rapruurs *1 Owe maod'
matsi~ blrthe_ mko burst.maidqi4a)aWTp a)its*mnfrt -air burst,- out-
Aa~so jmh of dot Ouwuuv Iu lost botr. lb. aooMtd nW*sr ower and at amok

lbr Iwweonbn, baftin*1' blat wsm breskl away1 -Ow Amas lout by
14140y up dta :11 Us shamj b.-01IW IneAltivo UwnAo ofA-tao tANG 0uuoo

_ * T1Thfl .bG i UrIn ttn of em rg n ut ud t ctuttw air ipaS lelekei- be-
Ad Pame", or is pa$ .t

ThWIM! mwvo!'Os ar" of theeuic. burst, fireball under the eqWvoualVJUD
4mom Is 1.10 pi~ at of Owm air burst so limtthie assist Misted

i balt intos" 'ruibe unoaily 10 puree of U"w tota 4m11b~I 4 pmndfit
Of*-*-Sdm~msfut 9e"t% .1 Ns ý*M 4k j ýl wc.gaLI

j a~m f OWu ftrebal i ( direct thorfione asu wto (to gnuS mawdd-
~&fM arV MWol beeswbo by tde leter. A&. IS~tIOE I 1015pentl ls ULere.

11. nwmmW, to be tet 1 or at, contained w~tin 1'gseupiesOf th. f~irbl
it "4040` seadninln -Wit "'Mmm, tuouim"en 1 *w U0sreiwt l
_ull Oostah 4,1 perent of lb. near *0rg Stdeimo of ft second tem.

pono moei mOnt-."W
The too mytee ote e gm mr l u Was and ftr Pal lvol m e leads to

-Ttl per unit ofyei ei# sa Uw Vv*1 wiun' soallu bmeetl LB rpnpoiail
b~.yield. Theoonmtastlmn of oil the suuumpllcns poimnmit OWe Salt muoof

rIMZ tinst law of tUwuodnammbi hor (ho ullU4uton-of 48 penost of (q
r- 4" W¶ aryin asl -dan i -p.sj- in ftie madat Sur Ufaf, vs

*n~jE, ,E 2,~ 1 V. (3.11l1
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chn~ge iII onirijv, hiiadnluIg dilmuivilii#n, 'il flov Ora moh,01g'(9IllP vin 'ii"ii/Impl i
air, 1) 1" me N Iii oru~~iml OrouxureiI (I 1101om.), V., its the vouin mu Ih11144 i''I iil I ni
speolni maximuim, V, Ii thfe originmal volumvi of this air n10104u1.', 1111110 I
I14NIAW0' W vnlu (fro W In KT).. For a gpherivial firroIIaaf, V1, (rm 101, 0,111 11N

vu . 6X in" W am, (Zi f"11 1)

With the Idua Olg.os low, pVm In repinaad toy n,,RT, at OOM n, valtla. Also, pV
Is oqpal to LU,13xlP1 W ouist Replacinh the appropriate oqionlrillop In Fq. 3.111
results In

It IW evitilog &I r/KT IS

Aseuuit~n the perfect urn 16w to estimmate the number of moles of OR*e In
th~e firbalml rovuult. In

whien Icqn. 8410) andla I.1 iWer ubsutitutorJ (or a'~nd Vit rempeo0tivoiy, pt, W
the toital internal pressure at tgo Comsbination-or -qs. a. I I and 3. 114 gives

11 0111 owhiskR~a iiitoomptllk atu o n7,/n0, -1 111 (Ntr-lagR - IN0) anc (31141,nh1W
from-thulhcrmal 0, Nt on 011T at, a $Ivan tomperauta Jon Imn hodateini'iihid- byeanIingpoftqAli 'tndhe Plioting thol cenlu~otud lu a A mo~o r

-of pfth qullan'oim ultuflhc MAat poinrt whenre ýýs 'A Wltaio vnhao#t,0O p
rotUjt.*ljr detdh maleated VfttUoI of Wi The. atoUtlonaol'o qF8 11ro itw

__ - values le-W-ar. shown in Table 1111 NJOiW with the Corr'dip ndx %Ilkue, of I
In order to rnjha a gimllm'l computation for t110 mottel surffnea hurisi, Iho

themal "rartkia " fit)' Vio.l" #*i1 Moot ho iapOullad, F"Wilibii, the Ihurnikml
propertlue of the mineral ii bile or anrtihoolaee I1Na 1O*AIO 1eGhiOj), with a -_
-ic~~~~e~~tc .1 -me~ ea of-14OC-ayo'au d-"Ono ~- ofie-#off, u-o

eonmpeto~ dlasoolnitlon, prolucomol 1 malva or gas nlomat tho molootmint woighl or
th0 oom"poundi Is U24 noid Its hoof of formnintion nos 2914 iaK 1,1100 kodt/mohl.



lijidit 1,I4

M1IMMAII' (IF VA tIM" M? n, '/W AND F01 l)T1Ill ; MODMI )I AMi 111,IIMI'T

W(K11) I'D CK) pt (fttrom) ;I,,/W (mnolem/KTI)

I 0,000 ?1IP1 4. Box10'

9( ,120, 3179 4l14x~lbV
I ( 8710 07( 6 4 41x I f

I 7,040 61 11 -_- __l014Xi I -l

'Eli dn'ýn of KXK X61 1y mnWtysI tul I MSinke" werv umcecI lo pi'.rloloto t11w umuigy
aohngo'i nt ihe folloIwing ranationu at 299olK,

N 011AI logo 6(180,() +IMp 4 AI(a),+ 19(ISIM + RCj (g), mI /,0,00o ial/mo

JNR~c) AN M~ n~I: fo, 1120_vl /mnhio

___ ___ Ii ______ AI ft'la RAI fli~ ~l (.NUO tr1/rnrio

-N -- l 00,IA ,. 691 flIC (o) * 3No(g) +' 2A (0), + OR~(g) Ii U100(1) %V1~ 77,11 No rIII/moiit

-- ___-%he'ro ntipri'niptIn, thyv Witi onnotnt riot il worp vurrocludt to AM b'y 141I;0citni'-v
n( llhe' qW11101t Ai, nHT, Ah bvitig thu ohnewgo In 1itti ntwmhe'r (it molulm Ct, thiv
0"vfl"'nl MOI i 'i, vrtiino !)f 11T1IP-28 rt' MCI Wdool monll, 11111 molih ir Im

___ ____ __dpoonnopn"ItInn pmIt~Ivu (t~ ohIiIwir tel !11!iftiri (', nr Itniv 'ln-]nil 110 .5. T
viiluaumi for Ilia 0 unmptnmiltinn uwimum~t o aiidlta (lt~oCIlItInf of fillI1 ti xida -



'Thoi ftiI li 1 )1 of trI Id1fynvIIItuI1v lii, 111v (~IonorlV4P~ll 41C 4M IIIIviuuti ot' fhil
ri'tun Nupill II fl 'y , for 1,111 mIoftl Mllvrov'l bI u rM I. I fI 'iwodI No mpulli N 141,i111 W'
moikmum. tIM

4. 66x~IO11 W n~l IIAMi 1.'90 + A"~,+ .3xO'X V (it "

~nwhich AMA~ nnd APO~ nye Cho noli VntIli, Illuluing diMamn(htuIltol, tar tho
ipiir litnt Hol , Njuvotuti viiyi nm Im' Chou niwnhar doru I1MoItrno f'rom tho o~ott, will

i'ni" w IS lwo.o- kVIr pp hofii AtiuordIng to thu deiafnition of the Idwiid
ourrnoa bulrmt, the~ oqa pntn or the ong for hantnignol utAnd Oir 1.1111
renain onfupor ublravtiloo i f pq % aro

1A.A66Xfl 1.11I nn(AJUR-1511)(117

An thP fl anOt noluoiles"Arii ommantintly fill (tIu~naltetd itt the tumpurn.
turoo dit Intoriit, po O ir,, 41a nn.ho riutoymined fr-t pti Vn tompilviuralu, ii tfruy
were In Cho 01111 of 0119 Air buot,. by astimating no (g),tha numl-sor of inotem of
g u. from- Cho Air, IlinopMumpifon-nf tho-purfect gam l,1w. In thim~rilat"

6T(u _ A1OlI 1%()M

wh~ru AN Cio Mh um of Cho jtaIp r oNn() ( iand n(g) from,
the arpitnal Mir,- And Tv.'(u) ip Cho tomporn.11ura qt tho *fiooond maximum.
Combining VMcsa 011,11 and III, IQ) givog'

__ 1ho valucl or AN/W glvfii by

swore-uteiorminad Mi Move'ld nouauru(t V11l1uuu oft T'lm ). 11thu valulop of"TI' (pi) fitr1
--difforunt-auiovpu of W worO thtan cletarminud, fro ft .moothoxt plot of n/W V?#

T1 I,), oo by roupilig jrf 'I'll (s) Mi the onrrvipnnding lTp/W vIlluciN for thu OFbir otmt
-for Ooll yetd, __Tile rapliutp of t0046 Qnlotultill)t1 iirti Nu~mmoulsiod Ini 'I'tihle 1,i fl, -- .

11\d



1'I7.K) No Aj~ I (g) Ml (K) (1ui. Kil(K

1, 00() t'lI U u

11110O - A,0I 010, iM'0 41013~100

I l () fa 2.2 M,70 22, (MO a (1 'T41t)I. 1 -- ' 8iN .19 143,1100O

4,000O H128 10 420M( 111,1(185 mI~: 1_ 500 O~ 109, 44l0

180~0 10400 7A Av1, 4.( 1ii 1(W 0" N fO 7 1 0

-4 11 11 iiii 5J1 080L AIiu hll, W ?. 6 ,a Im "Iý

U rCflt'ui ~IN lii~i 3 Nl, i~~('650I)N(1 u ~ ~ ~ _____ __



MttMMAlly nV CA 7~I1!TATTONM volt 7rý (M) TIA11F ON 111111; ASHIlmin'PTfN OF
r'wQUArd VAI'O1 flNNITTI1IN AT TI1IMN'tfN) 1 'tMfIAtl ' MAXIMUM

TOR "THFP MOMII AIR AND rI1A.Cr-MUIST FITHF$A1. iL

T260I P3,no/ n /W n/W W

R00 354 1.452ui11431
0300 BA5U,1 1.441 -4,93- -

-613004 0,4 0.11 4.54 I

OPO2.9 974. 1,419 -4,1't --

T140 I 2.72 2.01 ,1 ~
7030 2,SI21I5A 1,49 40)i

16910 2.190 2172 1.42 _ 4,14.. tok

660B 0All 811- 1,411 4.00
mo.-I M340 8.1RA 1.44 - 5,02 10A' ....

__ ____T-6 darfvmd T 4101 valUes atre Pi'ronirentad qulto Well from i0- to 104W
ýby the noatiIg funtotln

- r1(.) ~ ~M7200 W _0 'K I 001

"fur W In KT. -t should be,, nmotd thatt this squati n Ii udi i5mttnglitm ) in-

_WIioW "a ooptiattn11rithur M an th ale glvan in Tabler .0. ~ thsIone
t; mRntan adnal MtWn almon5 the ygrlo-o -ur-a-meterwirivud frtmn ugl of the -

~~(u~Jvaut.Tho -model surf POribu't firulutll dondlttinn -sngthe otmoothoti-
vctuluu! of 11,(l) , aresmaiedn-a1 7.7 The Parametuer values iant -
tkb 1tod with mor6 mignifloant numhers than Are woms~ned-by the assumptions
* ,iruly-tolaid in interpolgtion to,,other vatluep of"W, Interpol tatinx to othot'
yiuld Cann he ma4de b plotting the pnromotors ngninet Tl(a), whiob Im WuONt In
W by Mq. 0,101 as im shown in Figurs 3.,0 The valtue or Al1IA and. A0i -49U ortn
he thon anlauloitoci by use ot Uqn. l 3AIA, nd 3,117, it Nhou~d be muntionad thft(
the rvvfllautnttd vakuit. of nLW-do not, quilla ooofoim nto fth Ammumptifoh of aquint
vapor clansitlem In the modal Miv and 6urtnev bursts at allytukls - _



Figure 3.31
CALCUL.ATED VARIATION Or n W, P ni fi AND nl W WIT H ASSUMED VALUE
01" T'hk) POR TIMD MODEL SLIRFACIýbULJ5T FIRE'iL
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NJM MARIY OFi FiIMMIdIi lb4 ( ND1I)V'ONf AT111I'll IN IO(NN I 'M 11 NIl ATIJ It 11 MAXIMUIM

I p W(KT)

I ' (0) tK- 7190Q~ 71046~ (1,80 N,720 fflo57 0,420-I .p4,it 2,007 2.75Si *UDOS 0.0837 4)130 3100(4
Ipamu4.21 4. 1001i 4.19930 .4,471) 4.5811 4411

M,/,40mole.6/KT 1,407 h:414 1V2 ~~ ,431 LOO0

Xnw, m0 lolvm/KT. 2.490 2.570 RUflfl 2 081 83,40 1.1310
/w, 106 molqi./KT .381,9 11,2900 4.1,82 4d137 4,371 4,7510

Al Pid/mOle Psi atommIa tf1,O100,-1110 1,501110 15110990 160 -iI37j"1I'D
(Ahi~ -899) Oih/mov a~Ir WON10 129,11120 :111if,000 I00(i050 07,101 90,11

Tho umu~p~on lta siven iraot~ons, of iho reltiasud uncirmy nrv cont.winall(

In tho (trubn~l._onrrod awtv by this blfitmtWnve and Wil, -bV 4bormil radiation, and
(hcrllary Um'Oit m~umptlon thit tliets-timo daeiiitndnoo of thq. vttIuu prArnamterm amii
bo givun iun tirm of tho Urmo Paclativo to, 14, am warn duna for the modal air' bmrmt,
luartflto th nunmtw 'aurmlilh4 for the minto) surface burst. I mumat

Aime "rerentUau dOcvfintkm o-10 an A I -TT the illodol-murfnav Imis' Mtt cling-

functio _ ;, tha results: rIn:~ u 1  I c::4
Thimi gi.-um 0.1-1) seod-o 0-KT mid o,m(.ý16nd~o tholMPel. hlw.

vuor vtia of,,Tj (W And 1%(ilayield.i) frtosf burst wuuld Indimo Motuil.
th urtnacopurpt firoball olthimr-onnlu miore rapidtly thnni tho AHr burpt ftrilholl-M

"du11rj tliotit on; p winth msulint, oron) 130hti~ 1Ntt~l1)11~1I

untl i I'ilde! kil vn1tiin"f at tm, Mier 1 ,0 it he gin. o i)rim v ond In dnoig wo
ttono(lit sahpt, of a mphero nin It mopluroilvm fi~ro thu (invil r'm aurtom 111 cm.
Ivikthi 111. 11v, h volmit livifi' nrum vonuituimt.; Rn In (lt, naou ofi th iv Or hurmt,

tofirtihlm I volume lait omrnmllu to rmainm t'aaotinily'vonatfill, fron



Wl ty o ol lit ~ m I 1111 Po'fill 0 )lilI'iII of 14' 1110,101 t I' V l Inii ll 11WH HM Ilno uli H I111 111111

Vrtnm tht u n ii mpt~inn ofi vquil Ii oo vol untom. I 1, fI' 'ohritl I'mPfiuIm for fill'

n 6. ~x1O~0 . 13 1 fi~i

nnd ~ ~ ~ ( vI x, Ih vnu fI. h f~ o widu fo1ho21itr1) 1 i'bl

h feuuitir from rA11w (IIIioith I f 1.1w tlpignu pfori Vyodn loiI

n 1nitIth ioouvo (it U. thc aroprn tiicl wit ill Cov rtli'o mrtne tit P Ole 1111t11 h

'I.me In[C41 theq tiCiiifie gm nmt o tovi tim wher in) IN'( n1 127)b

Fo ho e m cioite Nufrom [linight tith l t he clou Tot, n to I- I.tld tim~i v InRI

1'rThe 1v M'I' can II he II iirmetd WiU~th ci ltn filI, oo f pelmNilndn. b iy g
t1~ rr th i 4.ol 24x 194O N i~lln I(()'IN 118.Iil thO (ii0.o ofC (3127),,

Vrdu, itho m /1~. hi'~i to toua to 911mM m

rnr th IW~l 101111all$ t 1,93II0 vii oI'te ,0mvnI.A c

__t__1A___ ~O80Aiad W gI .0 Uhgtevaup f071 Aii(



'Il IH~ Hl III fil I tIiIO 111 " IIv i o l

I'll" fireluh iirdhi m fro m ORi ! Im tut i/tjj -1 I) t Ami ~iinud to hv tilt Moili 11M0
It,, for flth, mlodtl HOr I.uiit; wlilii Im 0 A I 01'W 3 .h ('Ill 910 gitvvi by' QI'q 11.2
for HAP.

rthu vnrlaitoni or w 1W 'i ipurftuto-with ll/tp for thpu mrivtki mkirclvi ho i'9t, Ili
Raptimed to follow thuv onive prittern tic (dooruom with time~ nm In thp 11ir ho rot.
Thnt IF4 ,It vi' iom olm (tA1 )-" i-11 to t/Il. - 10 liod thorv~iltor vn rtom nm vM
(-k4tiA) whoro Il and It o -vu y'Io'h-lod-hutiuondvi porn ~ivitu rm", MIIW(' r111 (M) Is mmill
lowver thnn 'I~(',It would oplivnr thint tilt temparni'trpnohoutd ho dvervilmtnK A
n *owuw,,hnt mlowor rinte, qt tl. li'ma, fouip tht) 0oirflitm bur~t. Thfit IN, tho

vonsitant ni nhould bon lump Minn 0,4.

A likoly vniun of n mill he dolevrnilnoo froml evnitiition of thp Intvrirubo for
6ho rntrfint -norwv loWit to6 thu airraowiting Atwnsihollrt, Am wliu*4!ono (or .tile AIV
iburmt. Alithntigh the Ctoti nirnoilit of ollerg rodntodhn to tile otnioophorp oihould be

1`o t11 no th lr rtll piC~') h ow(W limit wollld uvetainfly Ien' oout
90 parmint, with fno uppor linilt. of around 40 potion ot. Allowing tilt' oot.1imnte or
o poi'ont for tint, aruount, of energy Inktiup to To find 0.1r1~OXOMviti (OP 4 f)(1rttut1t)
fromi t L tiqa I~,n n tho onuct of tho n~ir bul-'I; (hut vorrhated f11".1,~ dI' nuel
topoa Ltt-mu in tumar inenintuohp~r~ nwith t/iff aftr i 0ij -nI AM
the pir hutrmt; utun (no n. flilst tpproxhifntlan), tila Intukr~a vivo. 20 Ipraunt
Of thut UnplIY Pi'oielitot to IhN OitIPPllO I0ituto 11fFA 0 U Ollaind-nhout, 40 pervent
lout for 11 1001`1, (4) tliii. hootsR 111 WnM WWIIn n t./3. 'VIIA 091tiMnt ofAh
firotnmnl [ porvtture for theo ourfriove blivut ilhen Io

*~~~~~~~ . n, nOW I-n0i( ( . tt~I u1 l~b~

T 7.', fxNIO'W0 ' (tA0 11 / 1 it-K , /t. to 1,0 (11, 1114)

Bovoiimr, tho nut in u''rIMt with tho Hourfiou ibui't, it4 rio de irnrboIA) hi' li'y
i' hotteir untlnintv (if tlivi fiir0ifinl rtudum findi volum mu nItr t/% - 10 tiiit woo
oblIlIn tlu for thlt, ir -hutrpit ft rubo ii, To dot th is, tile work dono I~n the expni'nu on
of the fhz'vhoil ligniinoi thlt rit'timnphuru and in thv hiilningi or' inflowing nipr, flu well
ao thvrnivil vittndituon Iomon, nre MontIntoo f11 iuuotit Ili (umtiinting tho~ rnoti of
11xpo nollon of tho ft ruhl i ait Ihr Itm Ithil Iitlpid vxpaitno ioi to V1, o1r V , 0o n ri rot



tI~l~fhl~ilil is Ii'iio l~lHO l'I1,1ilfflt1H 1,11 promv . lliiihll, t of ii"' Hol l l ivo ii, Ill, li Mill

111) Ili tilti 11' ho(1 11 (nhII'g,Vriit'n of 14 n,1111 iii I 1 Clw u'' t/liq o wlrg I/t1111v Imi 1,111'~
1w MItim limohtI liki io 111 1w i'I lllntii 111W tvil oi tIv Ilrinl ,1I l i. III 'liiMob i'l '~ f ill-l, I'llo M1111
NIol lh nirot v olit/i' l II ) I-111 Vollw mill, r i lu i l II0I I'l hyg oltvolhm li

mollx lfiolll W, H1111111,n ( 1I7

I'q' I 6) v)x i fl" W crl u(I Fi 4; WORMIM

'[lb ofiuk'c Punluhiiiling. i iturt itthtrooting thulIM tht lrOt' nlloyf qUIT~ltit%10111
In 2.790,011 W Onluli It IN nvn'ilnahio for thu PImouOp.O moluitloncid ohlov". Thm
nmothamiloatilformi or tho Miorenmri of the firebaill rnullrw lifir ~it M to Io
rimmumpir no in tho onur' of the Oir bturmt, to bill

R V ~ o. A(I) t - 1 0) I1*0

in whichi thli aonotrnit In y~old-Inrlopaniofnit.

Acouudlog to the vitraiuton of tha tarnpurnturck with i/11 (fvloli Mitim ou , In
I o HAIM~f) it tonipurnhivo botworun 800 unrl.000KX IN ruuwulld fit t/th , n' o, for fill

yluldn f11'or I -to Wtl-W1', Minav th Lo III about thin thfit thf, firobnil It" ntiuli
m houd dimotppmir, it was n;Ivated. au the ond point for' avalutiting [ho aonstaun, of,
Wq. 0A.141 by muonns of in atiargy buloncia.-

Tho work of oxpanionn ag ninot tiNo nphroi

WjAV ) P('V~iltim vp ,4HIx alul, W OWxp 1 20n) it~t or~in'" W ( Ha'm 0,4I4

Thu nunibur of moitia of goo molvinuipm hIvaoint the tiw nd po I II lnL ie h
osti muttc by tiou of tilt porfout-glip low plum t[ho R'Ntl,1uptý1on [hat [houituit

I)V5~U1.O f'thu ummm at1 -t--- 1ji,4I 01. Im 1.11i MR )IiQ liho40t ittib iU''(
uitmomphovr)- The nturuboui' of molv: of nlit inalaicuinm Pnf~ui~olt'l lit to, milflp(I
from 1.0i0,0 W (for 1-[(II') to 2,q¶4 UO W (for 104-10), The vuilno 2,1.-2xior IN for
1011-11(T Im totri u no on ovorogo vii1m) to votirnoto [ilt nminio (if moloN of miir thuut,
hovi vo ultu rrd thn ~obril 0)1 botwuoa to lint Mo. 0



The (atImnt'i nf Mhn ("norgy lipnd In hniting nddltlnnnl fir to HOO"K, with
thtomet |)roviniorlH, IN

Al' :!- A n(lW• I)' .. 4. ?4xI0 1W exp(I ZO) - i,44xI (I11W oial (3I,49)

In which An In the Inorease in number of moles of air between to Rnd 3l0tý and
V100 - E208 IN 8040 oIl/mole,

The radlaitf energy lost In approxiniately

10 q; 1, 7.ýx 10-1 ~t a T4.ROd(t/tg)= calli ,!)

• 0o,133 Za)

lumming these enerhgieo and equating to 2O7 X1 OW calm gives

4, 13 v+p(,l•0i)+ 0,,44.. . .0m (1A,44)

The equation is satisfied for a * 0,01041 this value ofthi ,oonptalnt io About a
third of that obtained for the air burnt where thermal radiation only wans
considered,

The estim•tet radium -s now givan by

"R 5, 69xl01W1'1"exp(0, 0104 :/t,)'cm, t/tn w 10 to 50 (8,146)

or

5. 69xlI ',W'"M exp(O 17?0W-°-0 73t) cm, t I lO•t to SOto (8,146)

The radiant energy lost in

_ioqq w 4, 65ml0WoW vl (4, ý l) (8,147)

Therefore the radiant' energy loot to the atmosphere (surrounding air) is 25,9
peroent of the total relehsed,

Tho thermal power fun'tiona for the model surface burnt from 1,4tu to
about 50t1 are

p = 5, 13xlIOIWI, 06zt,,1 171 1i/mc, ; - lta to 5,8 (F.,4a)

P - 4,33xi0'0W,' t -, ca1.m/06, t ., 5.8a to lota (3,14w)

P - 2,64xl 0 .w0627 oexp(-l, 4W' 373t)cAtu/n"c, t a 10tato 50to (3.•50)
145



In theo v~iluntioti of tho vanritool., ii, it would he prvifo rohiu In h4i hi lluioo tho
(lulorg1(IN to thei Hnum III, whi oh tho gnmom u'enuli anm ituu t. en;,ii I in muoh it
uiinol, the onfly #~onery loot, woulId hio In the wo i'l of' expilmmlou tn t li i III I li i r ni.011t
itno gy , In tho roiio vqtpv, the cloud Would hiy.' forim cIi iii.hoi 11hu 1tidum bt ' y
this tUmei, In Wddition, tho observud vikluu toi' the Inorviase In firobln volume
would ho required for the calculation, l11von further, the addifional onergy.
relenasd by the cool~ing of the origintil gito to lowor tompernturos 011111 20801lC
wouild havea to bo considared, its well am the deorease in the external prossure
to balaw 1. atmomphava.

The timciu aftor burst of chief Intuerst. Ii the falloutit fortnOiinn nre thona
when the temperature of the firebull has fallen below about 250(rK, For the
Idoul #oil, the end of the fi'rst period of 01COndenst.1,on should occur at, the 401l-
molting temperature, 16730K.

Botbe of the fireball, terniperaturem and times, for yields between 1- And
101IT ap calculated from the' above iscaling functions are summetrtaed In
Thble B-A~ r1or moot yields, the tatinper turo raneof Intrs cur ew
2otA and 80til. The times at which the temperature Is estimated Ii, coorenpe to
16730K varies from about 2 seconds for I-K'T to about 122 seconds for 10" -KT.
Tin mauled timne, the ohanp is only from. alt, to 27tp from 1 - to l01'-KT,
respectively,'

fleciause of the many assumptions involved in deriving the demaripitivo
equations for the surface burst fireball, no reliability can be attached to tho
"nipinfirn'In AIIA ,Mudortlynd ?'nm them.- towaver, Lh enri tronrl rndaisIn thnn
values, am-given by the functions with respect to time and yield, and with
respect to the, modei air burst, ire conuistent with observations, 'xcaept Iin the
point of accuracy, the descriptive value that cann be placed on the duveoipmont
of the functtonit, anul therefore their" presentation here, Is associatud with
pointing out what the important fireball paramaters ara, with respoot to fullout
formation, and how they arc ralated to eauh other, When more data are miade

-- availablet approprinte adjustments, Ii the scaling funcation parameters can be
made,

11 9LY rbipy'. lurst and teP~j~jjnNmesoiih idwutre

Tho itmo of the. fireball sealoina funutions for estimating th" value of n(I WV
whicli in required in Xqs. 11.8o 11.10, or 3id02 in tho evniluation of thu r0 (A) of unuh
mamss chain, in illustrated in this section, In the illumtentive vudeultitio", thu
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t/cg gt )fl711PK 110 00 2011 AA.7 28I,0 7
1:at 1 41Y1%' (sio) A -S 4,114 1010 mil,1 31101 122

Yalud ortv 0011 n)VI ull utcd 10i only onc temparatItive tot vLI va f ofRveliji WUnpoIn
Yields, aind Choi fleiiprntiurv tit- which, th(q Id"11l moil Moltidiflux IK suveiul Urtui t~hit-
fraottians or. 6ach loleent. co nfonood miny 1W (1411n1t'ilntw Ii uI.pply tit thet ptm
the. ond of ithet (not pemtaii(t of ondorns"tion,

Two ti'mes ave uelo'tel for' a oompete eomputiitinillt (if thev rn(A) Vnition
Thu fiom-t ttime, 010 ;"Iondc aflhvq! tAlamt,, -wai Rcilvk~-0, fili it) 11nilimirri, oi
rlogrou, any possit~te ortl-)I'm in the vulative aluiidancu (illo thp uhort -lived
I tl,,son productiq, And p) rim to ninke the ont-vipttati tin apply ito ;aduifu
tXI'vot in tlie mellaton Ytlvd I'iinge. The mouwid timo, of 11 Psc'oodol, waxn utirnd to

toerilste "unuitfiity of thv Peckult;o-W tho compulftflt.1n¶ to the oh1anges In I
reltie ifirnu I'iif tho ffol'ont nuallidON Otto to (kileifV 11111i'lo theaitunnpl I

1,11 woopflfl Yield -

Thoue of# Pnil ltnjlu oittue toytrniperAtW-o und timu e flo'utiv twith tho
Pornilble11 Vnrintlon Ot' "(()/V withl time Alll tlt 1w60%11)10i l'ouuuohMti aonme or the
fI'lion pvodualp Rntd Moil Crom IhN th'ehlaaltat vorlio,' tiinrep, The unmputntion of'
the liquid noil conveontirnton nt 11given time and fli'ut~,I temiwrolurv hy mcAnx
or enerp, bitanlans is not an optimum method hoonure .ofithe flpproximntionm
tidv 1n the f~inohutli suilinjg fuinctionn mind hucinumi tho onlotilittinm Involva the
licttorninat ion (if small dlifteiivemPv in 'niltwr nin gc numienia' whitril Ihumpuvntt'c
vaionat 1W voIIAto~vti. wilhi nI;lIurouyý
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in I n lua IChto II ioqd hy I1m ofi N N Iilm :1.11 a ut ;ii Hit I DII1N i lluon o li ill' 1073% (4114111

int111) MovhiiI hnwill tolin IcimP of Im 11(1fol (1' ~i1 IPoo-'1J'tIIU( (1il1 4,11T;11101 y1'd for1
IN Ii)tl Mo old 1A 8 - 01 . i' it mol-l of't f olloW i iiing l I'(li 1(AMPN o lrt h llI III(1fl I Md~ti

(1AIMOivm foruiIn to I (171", vlnlf flotollh~litluiof u gllN i I',H

Inn ludiilgf I I(I.I-0lifft~tInl of tho vnollIrkof moll,

2, -om oPOf' otlurgy duof to rndlatlollt t?'(fýýlh th II'Iill

ill 1,oim of onpilg dN6 to llx0utipowo f th~ilrhtl 9nwinjm
Chri nrlroophore, I

-1,00moi of' Onergy in hontinffl wo-ri ditlonnni Oir that. on1tet'i thei

fL, omp of' onnrgy, Ini honting nrin melt.Ifig ni givrn nninuont of
riddittonni moll,

Ani oxtimnia of tho cinargy oxohnngedl 6 mong the firNt four pr~ovsNamo Is rnquirad,
In cirdcir to nuiloulato t1w itouht of mail fhat is both procmant rind melted In tho
fI'rehnill rt14,101,11

The thormnvii dtit and (Irmoonscomribing the 14-MT yto ivdl'lroum, for.
urne in Mthe Wnoulfillons,-firi uumninrimocl in Tenbia Thu. Tho voiiuon of n/w wore.
toiken from Figurn flthe other tinto were ott ouln todl from in stiemtillIng I'unationn
or from tho Interpolation of flatn In Whe tuiblom nf andiriphn' or Homiontlan1.1 In
(inlng the 'Plotted cIftn AtI odd votumo-oll Tp(m), i~i cihmok omputntion Im i'ciqiilrocl to
pmmuieht thei (1 enorgv mum A il .'Im pprollnt, of the ylohld Tho -fritr orv

* Iinturpoluuted fr~oml tho ulirVeN plottod uighinnati CoMpointui'i iit' P1I4lvontioi) of
Tmrnthor thon nrinotlt yitild wlinuolti( the i Ohtinioll (0outouIIltto WornO 11nird

r rom mucili vui'vop, The rnmount of moll vrparletivi ruld pfrOnenn nt I I would formi,
upoll vLiOllploll' ('ofldonmnition ofi (110 m1PI'ifila,1N I xll 10*1W 010 ION Ili noiucwtnting fin'
tho 1210 ltalinl po'' ll 1oloaiIIP.-
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nft/W I..4H~d O. tiiolem/KT
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1R 4.01 ta

Thaaor v ruanooud on Mm .-cooling tim gnmom~ frnom o1flt10K Mr 1-6791K,
inoeuding, amsoclation of tho lImp moloculos, Im a~loulated by tho proooip or

coolng t 208Kandrphopntiip to 1IJ7fl'K. Thum, for tho Mir,

IAir, MOMOK-Airl -1.073K, 4E R'o o"I/ma -

I Air, 0110-K-Air, 1,0111%, AN x -M7,lrnO rnil/nmOlc

- Therofore the~ hon,t 1i'jltinpod on voniling miii rpnmbiniiig tho Oir IM

1.?ol, w ~l



Val,~i thv macllI, inviuc~ling mvn'111Ytlij~,t. 10711"K(

Mail (c), 1I)OR"K-Sn~l (1), 11I7WA, AV 7fO('l til

Mall () OWln-rihl{.mh (c), OWMK, 411 -41,14,20 (rIMIl/y mc

Sol] (160"IflK-So'll (1), 1(1711014, AIP, w -11011fi,fl00 (101/,rinh

Tho'rofare tho hot't i'olmasad an vaoo1inj, rannnihiming, An(. iiquityln tr 1w mail 1iR

2IV PNO W ~ 41' v clm rir2

Thuv, the reioeiant or tinamvg on voo1irk and slocumbimngtn hci fircohnl -psuuum Ii

Q 4. Z-Z it f10 W ravl a ~i lI

Tihe i'dAnlut pnorgy loot fironi the firhboll fro~m 11 to 111,4 i ul 5.7 pm p on I
thp-4add1itinal amotnt from 11to to 2m.Afl im NAI parptnt for a totwil of 11 0A
paoiohft. , Heno tho tiotll Ofnegy loot by rafitliaon from t1 to O^AQo'l

Z . l4,xlf''l W cI A"S.N4

The ophoricial fit'eball volumcv, from Illq 8.,146 19

V 7. 72x1 011 W cixp(O. %.I nW'-- 0 I'm) In.j 1 tlm 1' t ýl)~(T1

Thordforo the volume ott 00 uo'vondu,j fr 14-mT, l

V 14 ~lW p.I ha)

Tho c'hangm In volume rrocm V, is Ithwormboi'

Thp work onorg'y uk-cid In mpexpndng aill Cho ~aftRe 'vo-M Vp' li V ahalntil, tht

cixteril .prusmiue tit I. atmoopheire .(I ol - 41 .2A rymn-Allme) I P
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In ordeIrI ito omfon! I h n1QliIuIiIut- of rtdditiKofIl iuoltow o)fnair Ih111lt how'v
ontrcx f'~'dlie i'It'liiill 1i)Qtoo'(gO t.iutid 2Hof .0!2'1 it iw umunhoitud th 11th Int'rora I
prusanure (if' Itia firuhoall eat 'O.Ot,K irs vvry clusu 10 I iii itpiplu'iu' W111h 'lie
iussumptian uanti that. of the perfecot-gas lew, the number of' motors of gWm Wn tih
14 -MT fireball at do seconds is

1,3SNIO 7 W moles ("I1IISO))

The nel gain in plr molecules, neilecting the small amount of other garner, Is

In 1  In-x I Wlf W X aV t mc (a. 1800

on Mail bksis, sbout 80 percent of' the firebm.ll Was molecules at 60 seconds Is
from the air that entored after tA. The energy required to heat this aijr from
208%K in I47TVK ii

84 Ta W01 calm W.6

Since the energy chanes Worill process~m must equal sero, the; remsainIng I

amiount not acoauWid for is

1., 1ý7iXI0201W call - (316

Ala4LftIt Vhat Whill remindet r is uiltOdE to huat-and melt, sail, the amountdo
soil thatt could be liqui1fied ýtt The meltinig tqmperatur.) Sluu that oondonsed
from the vuanor. Im

n~i) Rn j 1,0 Bl W + 5, _ SI XO4 W Moles j

4, 31x10-0W moiti,.

Therefirs At l473"(K or GO eoende~ a-ftivr detwiutico or the 14-UT model
urtisce burt, lthe gross ooucetrstion orteliquid soil Is

n(f)/V &A. 37 kiW 0-M16. s/cm (.1

The results of similar comptaMtlona of n(A)/V at 16731K for values of W
from I- I* 101.1T are summarlfsed in Taible 3.10. Over this larg nag. in
vivlds, the un~ii/V vahwsa fur lb. moadvl surface burst vary, only frou" jihol
1 ,114001 to 45xio0 moles of gall/omt. The fractions at 1ho rnrrgv rumiorril
to molt ftheseamounts of soil rings f1rom t5. tW 0.2' parcnt~ol 1-1o Intal. mu"r
low yield tower shot, Adam;" estImated that Abot 3 percent of the energy was
used in healling the soll and tower materialsm Since It Is expected that a lsrgt'r
frato~tei of the niergy, would be uliliwed inna surface burst, thle two esiatolnde
are in relative 3greement.
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1(Joi li d ri I lt it od I I I Oiii i IIh l ttll,.11M, it i t W0,,I 1tn ,Pf (.1 1 t jhu ,l IILlhjoIICId ),V tlhI• u ,ltlrgy
IN c(•t]l .il ly pat,' IA th1 D(u ) Irnolul Ilhut av'u moIt.d. i'hi• ronddiltilon of unutlgy
in partiall y, Und 1 t'bItArnrily, e:n"jinlluramtall for by notA l10 luntinl fl'r futl'thor
lculosu to thu undorlyinl; sull surfaue butwoun t., and t,

It Mhemeo nerRy loonem are ciinldet'ed to boour over the bottom of the
fireuball rind the rocdditlona are unrimicdred to ocour only for moil from the
orater area, the Irnotional •.rror In the neglect of tile readdllona can be
zitlMatad from the relative areas Inwvdvod. Thu orator radium, from ENW, in
Si.hWl! foot lffr W In KT), or,

I, 90x I0• W4' urn (3,1Oi5)

,The ratio of the surface area of the orator to the surface aroa cover-ed by the
fireball should wive the fraction of enerv rtocoveraed, ammuming uniform losses
from the surface of the fireball that Is In oontaut with. the earth, Ile ratio of
RI/Ri is 0OOIt henoe the amount of energy recovered from this area only would
be O,81 peroent of the tot!,

While it tIi possible that a large part -f the energy losesn to the soil could
be near the center!6f the aires ooveraid'by thefireball, these loanien were not
conildered to occur before t,.. Because of the low thermal conduotanot. of the
seil minerala and the high temperatures dl the liquid layer or boundary, it any,
between the gasme and the saold soil shtuld be very thin, The final computation
of n(W) doom not stipulate whether the energy losses to the soil after tg.result In
the formation of a liquid layer or puddle In tU) orator which Is thereAlter
disrupted ond nuoked up Into the fireball or liquid particles by the direct melting
of Individual soil graina, Thorsi',rs, except for the averaging of the ene rgy
lbosas over the fireball msrfaca tip to t;IA no spaeIoifiation of the Weta of the 9
percent of the Onergy"Inst to Ohe mall-can be given.

The final major aumimption f,ýr the oaloulition of n(f)/V is that the
Internal pressure of the fireball ti I atmosphere, There. is apparently no data
to subsflantIlt this aeNumptiln except the Inferenou from the fact that tho"sarly
oxpansitin of the fireball the stop@ at t.,, so that even at this early time thu
Internal pressure cannot be very muoh larger thOl the external pressure, At
the time the temperature has reached 1073%K, the fireball Is quite high, Fror
example, at 23 aeconds the top of tho fireball (or forming cloud) for the l- MT
ytieldi frvm Rq, 3,197 would be at an altitudo of about 12,000 feet, At this.,
altitude, the actual external preasure in oonsiderItbly lean than 1 atmosphere.
The number of moles nf air, as estimated by the time of the assumption, In about
twloo tho original numbor of air nt.mas in the sane volume at I ntmonphore and

I Mel
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Iliv im gu111i1111H, Holill ill' 1111 nrtuill.Ioliil lilt fi I'llilfily tvnmn,'n II'rii1 t11 vuillilliv
m vopif (; l uit ' tlh u f tlt, ih ,1 11 F11 If I'lil"Hi 111HMll, H4(1111(1 M1lil0 U111.0i' II1411 fliti' 110110111

n~trlog Wvith Illv r'cl1otn of mo11111OW po 'ttl Iit IM CON110ic' I',Y 1,1141 1,11)(11t'11H ThOIl ifil
Im *Imil'tlivllilIly II(itlIOO~ll )It' t lt, pui liphry tic thupollio~III4I (1 flitu ,Iivtigrl vi'lll

Mu no' I'MUttrnutv of tho n mmuml of Oil urntc'v moil-orlid Umtat Im ivlmw l vill til t,
Furniniiion (if i n(~on vio 1w ittdo limi1i', fthh' vypri t~v rud i~ tIm u K ivl libl mid fio t,

_______ni.1 r~lWfiefm ie IiNW Vol, f110 or~rtcI volumv, it 00111'
A~llciit IR 11IiCiId, W11101 is. snimi nt. more t lOy' ~piefl of thc' mhniptn tif 1'i'fto'I frnm flii
tnglr~uvytold iiw'loui r wmuliponn thnn tho pllippold of i'ovoltilloii of UIINW. AI'ng~n
I110 l b/coL. f1;tr tho $oim l don1l-1y 0

?vix 1i lIIIAiL :11 ~t

for 1,ho a mount al' mail rtomovo( from thv tivtori (yieloUi Ini th M11' rnitp bow't
no orntop 11p), Thew ~rang Ili tho massp or ttRA) from .1 -KIP to I O"l-t'41' auoorttliig
to tli' tradul stirfnov birmt flrohilhl (niol, wt, 1`124) iIm 1.62x] 0l"W gni* to 2,rlFlxf1~'fW
gmitil with thyv vrnter mnos of TLii1 11.I0 1 the ((orromponitltglg mnag In 1t11( pvlvInit-
nigo o~f the vrotuPi mosm flint fornmmn(Q) -im (romi 11M pervolit. Wi IR12 pruon.,
rrmsportlvoly,. In turnim of tho maodl, thime piro tht, taI'nctlinm of thv tiratur mnsH1.
1huill hnvii vilt~rnnrl 1thr' firr'hol1 up to I J) and 122 twountim affAir dNotmnntlon,
ProvidI~i ng sit"Islaw itikit amlounts of mpilted moil hflve rfflivl *ou (i~ f the iruhall~l
vo~iiinm during fliii porlod,

It Is ulonv t~imitl the n(A)/V, rntIam, am vniouintcieI, ossmion Wtilllitanly soil,
partiIfnrl1 hcinvuo inn od tilt fi rc'hnl nnd thnal m 1101110 lIivt'lt,ý If it lurp~ mimbor 4-ti
jhia ltIM M ul on ii 1I .1vuii ('jIt' Vod froml Cht' ft l'('I 1 11101% (,fit f ill Hod Whtim Ow', It 1 Ilu lit
soll vnii oNl st, flivi. tho uoLm)ltitud valkip" 01()VIlro 11 to i~rp' IfloWi'WII' ,11in

asno ~ ~ 11, niptn lu.o ly an fiimnI fhowit, frit-'tclio it tho pa ittch'si loavu Owir fireohgll
du a Vii '0111olta whoal tho, Imor,' Ile ftatory fIssmlio Ill ' ohIII'ts 6vnoiluii MO shuld hov

wiil hoomI o'L fi m eluit, is ratt t~lmom hiv 11111 fint 11 Im.1111)1' Luo lii c'ild ilol Hir14

hotmoCit~m Ii,11 glc~d pa itni one mill vnapr, thon on'StinOftem ('111 )lli'ldiiii iif ii(i
(or c ii(s) 11f vompliihtv o 'ivlmOl~itiVilla (if il) Vtil, oviviillflm ll itu' not.7 novll, ait

I Ol~fflliI .O~s Lblii'thm l VltI 111111t a of tl' 11VC'IVO l' t'voll fro mol ni'' v'l Ylutot' or
twvuil' (' .11 uII~'all11i oI fissimoll trod~ilo I'loiwilito In fallloutl

I n r' 1 I fill n .1l%, of ljthu 141 m tn of tilt ii' i I vi ui mnitog'Lit All flint Is i'o i Irilju pl IA 1t1lv

Olli 'o~luil'Lilmi. Whoimr'iulitpliolu ('ililiitI'mItio of nu iw ,mw or 1.1w o I'li lsoii pI'ohimo'
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Ill whliul IY tol il [Wutill wutiiuli3 Y'toiiji.i tit momm mumbor A (lit ioloIH (11' H rlIi~lo

liuqvo tvlunth ) ild N im t ho multi finoltlion cotmoonntit'owmint (it intih ii numimi- A Ili
fliti faiolln poiriit)I (All~ (alliflum- ri'. ftmmiunt)/ (uamiauIll Ra ~til of lkiI ), Fto' tlitd 0111i-Ilw;

- hio smmovIiiioll 41111 'ItN quqili to uollj

PTor iii Vumt(ilUt~iWi tII1oHHII, (11111(im, bud tit0111( t'M it wt iltl it g~ivuti C tinumoil
uoIndiJ0Hg, i'rnl Iuiuhuni tonI daita oil 110ho t'ulullmion er milftm uhitlile ntvl 'utifqitluti.~ 4ni
th~i Came, thuf bucket,' noimultutt of 11Q )/ V Would 1'-i I.hi H1 1111iitnd 1m I'm lifii
VaoliulN bu(.witiil Ok und 0UM nofit~ntu~ tii Inolum udl'Ic clto oil( ri' tvhtiuytlh on
fracti.tiuul ud uhuiiui fot' timu li -m i Iv I' I lq i Li W I II(7ýit ) 1`111 10111 . tuiul 40d til 0 3- 1 1
altiilymuim lit tuilm" (ifi'Cimtttis imim andthur 1a miiU~itul~ulti il u to, UAvt vltighli for' imulvng
roughI CJ1it141 4 om~ r 111 () otr'ur (U), IA mutlli 111( linm fh nilla 01111 ( h ud (ii lndtuititjl olly -muill~
-duloud whfltj kl Ithu fitlotti formnilg -pn'i'~u-ui WtiJ u .1pIujunit; tilwiml dmi l~iv M10Htin-
-nuitrimucI hit I'Tnblo 1W I

Tho flillur,1,il I voililiim limoid 6on vituttluolo tlho I'Milmni~iaitn it i
TWOhI Ii.7 wo ilt i 10t.2(711"K voltimu A~w thu moclull~ fnmmlso bit imt Tho onily Auto
Ai to tly guu i tim 1310 V'II' 1lpI II I 01 W ~iilt 11111)(I111 (ttfii It ' fil kit. litititti U It u
Ahoxu tit 1;he npe unt 1n ifl titgla "N" mlflL mi~lci (h' 10 IN tfilmIiivol ci lot ltho (IMA It outo
fitIN (ho flt~lrm iiitd to ouno11 VtI'iut NI1 XI) vhtlmom to I/N Il vuIIIom tlipi Iutthtu ito

Iroim wAh uh tho Mi, (I) vnimitutw 'miv do iyul vdWov litlo h ,iJi wto (1011111litl Houtivu lilkiiivtWi
rrnmution O( hnukipoiltgl Mill i, :!Ilt -fii(it!$ wittlull wenglid twid (In liativh ((in COt ttJl
VO ,IUon of n#-) 01' u (im) lit011 11,11iu Wtt t- iidbri ili wl oun h 'dltI t
thu ltuoda tititoim vou, d hotin i'olitmuIile fill. WhIN b ht lmi.111ol nmyu 'I'h n rl 1utu im I ho
fri~ti ln i W, mlo ifii 1 lI~itIdvd onlyIll (191t1l u fhl~i ((II ~t' ttltl till~rn hi'lmuheiI otuifo )Ihittuthi in
duvohltigitd tilt' Ilt iim yol,

I~~~~1Ri11 itmli ttvtoitt lihlL, tuit, tull-111 VIi ito nitt I' fOin 1Itt6 11110(1I 1411110 1'to luIVt

tN utu Ilimittu 'Ititifoir (111 Owi 14Itoi Kioht um'h mn il l (I'ili tittM 111711"K Wh'ivltilipt' I o (14) 11
valttilm wuto (li(ttiiutimt uoi' m),Vfl-aitilgmdimlltloin htiukt'uumuillMll unlitluttt tho ow1 tilt(ik(

Yilltmit( ' iotl t'tt.t lolu l i~o tti ,11 tN it4 jud m l i Vfu lkw lil moi l, hit Ilmut AII iulmIIII th i it~l~

6~'t~'1,311.,H Ill ( 110 It'1 0-I viltiltlt of't~t) ill it jm')/ V ottloilutid fllu. tIm tinl ttidu t'nitmct
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'llio 49rebull 1I40101110 4111 liI ltow 4auwer fthi moqi'uaii Im- tVIImwoEhJy iii'tior t(hat
Wi 1*1hp xurdf 1444 MIItv Tbo lownr %IflAI'it of 4(S a'A' (1.-'.- WPMts J'ni -11 Ii,-F) lit tit01
1'M11 iN nlflhiniND dthi" C4* heigtht of9 tsorMl ;I ii lrout Or Imirl al OwI iii' nr he-ight Would
INe eXPetVd ohaiVtp lwr o 40 1111V4t rut~t loon, P1i kv.i Wilit1hitiwiu' llttcren-wrn

viw citulated ~'~valu tot N/N ip lean thou a Iiidor at two troum that Pf the( moinife

tIt the t,ýise at' the oral dt"'tnatit.oa* 1 41w *at1hpI4N (o titl hJlAused iawi
Orrqvilar particles, honce a large fraction at the ttsavion pr*Luip MomeCntli
prei'pnt h;141ntau All Ilp -iml~d CnO paim01icht.. 'Mr. modol 1Iiihiff oif sflO/)V
again mgr" witb h 15 olmerv'~ daita (in thim vase n(a)/N) within a fact rolt.
All Iha obaserve datla for- lAh tultout Irani a neair aurlaee iletnnalinn whomrninr
than one ma mpleo o r doiaum point, is available, show the dc*Ilyped iiQ)/V or n(s)/V
vaJilues to have a spread at about. a tactar at wo. SIlnve the cities calcula~te(tfiotr
the ideoal ourthce tyAunt firelimll ormodel lie within this range one c4owliutts that

- dase concontratlonian u xta 1 piw aIm54w front tMe irl~ol with about the name
roitubtitty as they arin known trorm time available data.

U the Ilenry'Is law 0eStaint ta~r all1 the radionuctides Ant njulllbriumn with
a silicate sail were available, the fractlons or each that have Condensed at, a
given taempsttrflr could ie caiculete by using the eaLi malN! values of (noft 1/V)IMT
lint while th.,re samrztbcrmal lats on silicate comopoundsthe aYare not
nuN'tcetfnly extensyve tit include manty flsputoapredtuact. lomnios. No rompite-
henaiven #tudy has twpn madte to correlate all the available thermal danta on
s11410iate 1utril 444 high. temperalturea, as ham in"n mudseoWdMer compouinds.
Uf:h~ thislater data werrenreftuhly studiedi perhaps they andI other data could lie

__ utiiiaed to mauke rea-sonable riciimnios a!i them numr nrnuuuirnsw e i1!fly? nr 15Wt
important t'tsslon-pwodurt, olemomuta over a moltenn soil minernl.

inaenter to mest, the mmt~el oftAhe confdenunuon prinoekss, and to etimthate on
A relatI.Te basis or tiho fractions that. condensed, the following voinprmanulse
with reality werr madri

'I)The tlasuio prodluct, Its oxIdle or ollthr compound. [aroman
Woonl 00olution in the delo slat glow Imulm ri' in

fJ) pluixakrrior material is iwn-reuctive, ano thot .no eomtmtlndk
formation withl the fission prinduvt elements or oxides

4$ T M utucu ujw11vivsl of Pemit litmawn-pratiuem e10111011i (Whill
0 low xcelhilahno) is. hit thle.,presonve o(,I oxygen, the anniv uts
he wich is10 to I 'quii IIlunlmi with its own liquid or aol ii
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irnun tof flin I ivoti i i('Iu rtivIN4 1)l f. of ise imi 1.i11 gvinopa~l innoroto

wherts 1;11Ill whou vaort irmuily oriht Ili( wIineout Mlomvinho trni idon Io hovriviOapr..

conpurfio II ib niquide or iloaid tlhito ihon tlomonnta Iron'iptinhir m'itioit il'JrMthe*

nioleV)1 uirtlor of thock'i ahornlod IfliJ Nluii Itieovlntlun. not I i.ii)riit

Inuuo thr rfil viienicin mygtidoa hoiiin hori the. rnnion-iolunwrviri aror ithor1
lioniry'ntd mwol vontn~filiyehbl.mg~fcitrvita roiWn oifl

even I'I at l 11w iiII o Ii[n ltor .lhuof thelq ilalitiiitta an am' logon, Lixii'

suanven 11 pnihant-o oxn highdor fnvuc It lxviiinit 1wi ooiwianlu, ini I'lluntv ,(llan.,
the' froni'o iaa(A vor 14tiom pri'c'vurly with I I moll/( (rn(i) VIdeal * 'linhor'~ , i
roptewod vxou (il -to. 1(16v vI II o- ofo mumi~i of U notion ortA.w tHim, M'.lini Ilkinplne on the'F~i
f'itaowf or xvm1ntrv to idla sholil givi (infl)/ v~intlancI th n thatiOg~eUb tho~ I eto
vluonof fi. for. thnn ilitil haxi ihr Ilieron In the IRniiU I1Mrl" lyIOf e'rtki ts c'nIino

nu0I igk'(, is i nontr nihutt In Mto.hidu to oni vinte wi Ito nonin igulogro n thlo
re'irnian iore kh~niowoin the' Inorni Pleomnturo auitnid theitnt i nitiis.m nov 1houme

tlondon'r'd winoi t ho Ae hilg dogrt of nautv.Iho rat in in tion equPioil

the o vn-uj) of POW 'N~ Ynuo deloi ar wa'I111itht anvp I In Ion, k I nIiosni

mid1 thii-mvi il ten i uu tnot nin t, th on tiutn llm n o)th r iio midno Wl'10

nogillgilil- lip vnntribitinn to [111 0111"1 neiviyw l en.iolll ntr
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Warn ifirl In thr' .ivaiinwIop -of thin rinnsutnts nf Eq. 8.,0 The free mr,)vrIW dttoi

unoed for tho P'1eme'nto won. thal. of Stull nnd Sink@", Th other ditt Priuroe'i umoed
mnnlny, thome cif n~~'owo wlid niowaoriiim, mre givan in the tahlls

Th'' Iw mplrlctal vaiotnhIMt were rweIuatmetl fromn the' fronc-einorgy dasto RX fnear
17001,K am WAN PItAsthi, WhOLVO tab lated daaWele avaiuliale', the' Traee".mne'r
chk~At~IN fron, the' lIncar equation were oaloulmatoc for comonprlsoni In mostm come.sI the' ýie'vlntlon or tho v'ullue given by the e'qusatiln frorn the taobuloator Alto at
extrereme' of t Ihm Iiven tomporature' ranges were le'm. Ihan Mflf amrinl/ol, The

- - - ot-ifnattol oqualtinn onnatitntui wetwuAiiiaiy 061OiflIn frvom oomtfitnae' of t1he tree-
anargy, funaltlons of the -guioous roootovirai~tlesa firom eatlinmlies of :he siat

1'nklcng ltnto nceiaunf. the effects of thr :oxygrn promssure anid of tho cdl.-
boolatton nnci/or polymnerfaation of the gas rmofeoutes r'utrms mome tldIuutmet
ft'r the matrikl tiwlinnee oqu~ttonim ffnt wore' dovela peid for the mppl16)ttion of
ilanrY'., low, Vt'em the gontir~fietimo v~porlittl~on cquotion, Olia fallowhing

1`o1 1ho M0ol0 1`11"01,o0 or the Clifftenbord oxide' In solution And In riquildbihsmn with.

one' or m~ove gtukomt isr I(No,, Ii

-far tt-e ilole [rnuton 6f cho. whoooti mpoolfs, and
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Tlhr vn vokin of' xil tiira givoil by Chol I nilividlit ortIllot(ion" In Tanlo i .11J2,

At thio turnpliriituro of 1.1w moll molting point I ov, at tilt end of' irt Periodl
of viofldnalflmtohi, the gasas ChtN flatori~fliiiti ho Wfl pre-111iroi n lrtllOn nitruguit
'nod-oxyp", of the n Ir. T~he partial prohmurnmof al'il tho oihor nintarinis uro roet-

__tiivoly m*rn -It,~ In thu-modlndntur!I',IL' Writ, rpoltively largo ttmotinta of moll nrp
considiered to Wj voporiiolsod an lit the vaipor iiroducto of Alfl()m, Nnj(u, nnd

S~Are Introdluced Into Clio firohlln-. -T o A l~Oi wslhith Iolling-po nt, of hoult
39110%~b (Ini I obtmomphorv of oxygoll) loutld attin vnpoe-vontonduning at thim, or
iowtir, tenipornturo Into liquidl drops, In doing mn liuo AI*011 would en-voi(nndonnr
sonic of &h 'uvltt-iun pr*oluot whchinild-not, v'Rj-mr-tionflov1I
othor'wipo hor'nump their Individual vapor prviiuuo would foin twer ffhan Ilint

- ~ ~ ~ ~ ~ ~ A noU~DII~littVIT~Tf 0)Oi 3 rmponwi wilior1 copnf-()11MlbT AINT)3
*dropis mny solidify, when. they coolto nboalut 211001K,..nr hoylmay combine with
tile BIIIf1 Uquid dropm, that are forming (if. about thin tempoernturi., to formi
* nur~noinaullona 1u lid drops,

,Alan,;ht theme lower Cohiprnturom, itirgr moil pitnilules antoring th
*fireball con exint In the Itc~uld sttot and would dinsolve any or theme xmili
porticle. they-colll1da with, In n vory dhort limo the molority of thoso (mI
paortitilos flimptippr, In thuq moontimev, Chu morn volatile flaminn-mproduct
olamenton ar6 condonsiniii Into nil tlio liluld portiolom proamot nionording to their
vapov pramluiro equilibria with tile liquid phnso.

Kanon Im Intoromtod Ii thipe quillbitn vondlitlonsant tho highOr tomporaitures
when the pir~tini prnamurorm rromtCho mall £zonstIttuonto areo high, thon thesee
voniotituonta must he' vonsidererl aoni ntrinri to thr' partial prosmmurox or Np Op
and Ipomeaibty 0), Ilewovor, If ItI is msumnid (that no pianrt~lukto tonviv thew fi rlbal
iji'iut' (hi'i nilf or I hi' fi rut ir'inul of vonflaonunton , 1,h1011 su-mltivon Io (omputt'
hI' rrni'11loiis1 of cnwllu rI'Alionrilr'nwot winitoulmad atlo I hotintrint, Alth fiNp (I iii or
I ronperntur, i'vrin the po rthln premopinv of the Nfl v( (or Nn) van ))I ;itiglevodi.i
ThiN nssiiii1it mu Iol wan fl oweli II l 11 to p(Igol ng ('ollpilltnit I nnsm
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viifi t Iu m ol ion.df fri wuru Oi tilt vou lttat Of 107"K Ow ls .oai4 huot klnl pralntivn

of tho 1 Mo iurfn-uv blurmt froli'ln' (fitul CloYild fiittoi' of 10 13 inuon ojf flmioln
IJI'1III11,11 Pur 1('l' Thuon jloutiloted puritli mp UMIrootiul ((or it 14-MViyluld suurfoutj
buut-llfirubtili;'u ne mw ftlgkj ,1 o laisonioat' ho morv1 nbiu~neit. fIixodo

of Holion nod 1101601)" Uf all thi. tilenicnti Ilmiud, only 81', III.an,) 'fiid ~iwoiid
have uoindenowd to it mauI d Wino 04oh tuindluntod i'6VIpura'turclnod 1111mu

In avduar ti-itist tho-eft'avi of wunpon ylold on tlio fi'actlona of 0.40h flaolon
,,'o-dookt nouidu conudunud Ili thu illoal molution as preylotIsly Mcnhtxl, tand-lifrloti
timpa of 11an tiflct1 t4evalido werv. Molciludi tlie oiici-mot to~'Ni0~i1 yhoIldit of nboullt 8

iond 1,11,000 KTi, i'omputcitviuly. The et, (A) oiulctlotino waveo uindu by 11ni'runging
I~q, .11140 faithe 1windopindiadnt nucildo yilo 'INI Ini term" of ]itI finglotnm No thot 111V
data of liollus tind Mlott10.01 vuotldbu usutt without ouiivut'ý1oli to fi'eoiuolna of thu
uhohti yluld. TIhu chnilt vlr-Idi drtuIIwd from Goitun~n'anfitrtuioio~ o' wor wd.
T'he unlaul a L "'" W(1I' Mou feoni tIlti( ohni iumnintiona noqok'lint; to

whuro N, (A,(1) Ili (ho numbo v' of Mtoms of uluniant, Jof ninnt ioumbv I,, A, hul. iti4

daiui of Toblu 112dni'u 9,84mil) 1 nirnosphut'u fat- Clio do-K1 yiuld and H. Ox 10"4
Ottiiiaiphui'u (too thI4 NTyholu H-l'Yu non lunid citoivi vitiusm of vu (6) roi. unuh 1nil-
oh hdu volt. ibt Ilig toh11. thu g.ii w1 etu'thv Iy fi. 4'MI ii1111,~ toiiuu lu t'flnimpkI ni- t'yu lhv
Ini 'rTuu 3,15. It nmay ho noltud that thu frui'nu (oif or hu Kr ond Xu loolniubi woo
duINmUE 1111 1111f AUJI'o '1111M Ili bV01uMCo ft. WON 11oiifitIIwdE tlift tUloM, it" ' douny jivu-
fltMoiior lip antd i, do nof vi'otdhy umuflplu from fi glthy u11. aftu to in o. mol dIdiod.
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'I111 mont 41XIItol. nirmtimol of II )%tIRlithig 'l jimmiliti'u of ,i7mioh 1'111111 mm, I Ndo
prIoul3i~t (lii mii Itm A ctiv ity ) for a KIjivum 11Ibelhl(if' ut tMNiollp W111Ir1 IIII to 11if thi
vithm, fil yj(A)/(1 Ill]~') fov mpt'nh anid Ilhii fjipoi'tlplilt 1111oly fomi.umht11 fill Otlw
productionl of 1,111 (INIIilgtu p i-imiwliomut Hut I0n timnpi fy Chu tiomptiitntoli prvmmm04N,
Chu miahoulatiomt wore* mnact by dircut muiiitplivittloomiof tho r.0 (A) voltuom anid Clio
mliqla uitulhtii (i/m voIuon por tO4 fisIollmi ani U'd tofimintujgrntiomm mnultipi Iui'
no givan Iin Tlablo 11.10.i Although Chip lwronoumreiu ro mI higho' ymiiwiui for tUmo
cinughttem piodnuta t euIi amhe uliniia h error doi;ý yve oci with ti10w.i Cotilpmillod
tu othor poansibiv urrosio iivoIvocl Ili the Ouiflhiutftltofl, CuS urrnir dime to thl"
approximatiton to rather hiopigifitanmt.

Par example, nt 00 mwonds the Initial fraotido fot Hr-8 INil 0,010 whitlab
inuramnmes. after Rb-8tJ dousys out, to MOWO0, Ili tha moxt muthod of ouniputatlomi,
tile imittatVII yill Ven rnhad by 2.5 houvo. Tho r, (010) valoinotm for r-U) In valid
fromn 31,2 milnute. and Clio r, (140) value tur-1in- 140 I cii ontinily valid fit O0
mcoonde. Th, hiuitipliorm of Ttibla 3.161 ora fromn douny muolivnc data mvninblu
up to about 1iP1) am lodlunted by the roforunmniu g411oiv n ili th tblo,
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HI) NMARY 01 11" IiNTNIEORIAT1 N M1,1 TIP idtl1lH

unoLI Photons Photon Air lonlratLion Motor TtQmpoHnL
NiiI~cr, (Boam (Photonu, Iciinrgy (t-irI'ft, (in-"r/,.~

/dim) A'ls) IMOV/dis) ,du.V / 1uiv

Zn-72 1100 0.,90 1.24 .0175. 5118
ZII"74 1.00 .1I00 0170 4.22 31128

04-72 .1.00 C.07 2.81 144. 10.7
Ol-7 1,00 slog~ 0.3150, i. .A 1130

aa-74 1.00' 18 2.57 12.4 9.07

(Ii 00 ,1DB 0.050 02100.170
1o? ,00 2.60 2.118 111,1 10.1

Go-'78 1.00 1.00 0,445 2.74 2.14

As -7 7 1.00 0.042 010109 0.07110 0.0520
As-Is 1.00 0.585 0,4306 2.51111

Ai 701100 0.0G DID Ulu - 0

8o-elm 0.0 1.00 Q.0200 0.117 0,0448
.6-11100 019 010 0.0 0.0
S831,600 3.04 2.128 12.8 10.2

ar.83 1.00 0.15 010020 010174 0.00420
o3r -4 I,0M 1.05 1.68 .,90125

0K-Mrn 0,0 2.00 010100 0.0939 00,0
Kr, -Mm 0.77 1100 0,101 0.0711 01081
Kr, -80 1.00 0,010 0.0052 1 010010 0.0047
Kr-d? 1.00 1.118 1.41 7 l 0n 5120

trI .00 1,50 1.50 7.40 5.42

Il-81.00 0 1311 0,801 4.310 0.20
IRh-89 1.00 1:71 21,10 1210 91,03
lRb-9i 1.00 LOU 1420 61,67 n,11



Nuaithi~u Hrutam (I'ltaI,0unn tnorgy toif t 10"n7 i~t~ O' ryhtrfM)
/d~~n) /d I.~ (uvr~i

Sir-90 1.00 0.0 0.0 0.0 010
Mr-0I 1.00 0.011 0Oon 51103 I(f
o~r-oil 1.00 1.09 1.51H 5,4)1
Sr-911 1.00 1.00 0.2ij 1.90 0.904

Y.9o 1.00 0,0002 0.0001. 0.00 N00
Y, .091n 0.0 1.9 0.520 1,24 U2r,
Y, irpi 1.00 Q.000. 01001.4 0101.15 010102
Y-91 1.00 1.44 1,117 0,150 5.0on
Y-03 1.00 0.100 0,1150 0.817 016831
Y-04 1~0 1.00 1.2 0.07 5.1.1

Ur-95 1.00 0,97 0.71.0 4.32 3.86 -

Zr9 .0 0.07h 0,0601 0,1140 :0,138

Nb1 -911m 0,0 1.00 0.0031 1,41 1.12

Nb1 -07mn 0.0 1.00 0.7110 4.4,4 3w
Nbo -07 1100. 1.00 0.00115 4.02 Ol1in

Nb-9~ 1,00 1,00 2.7 17.0

CIA b I 110 , 10 0,100.72 0,1507
Mo-101 1.100 1.70 DMR14 ,11.0
Mo- 102 1.00 0,0 0,0 0.0 0.0n

Tc-O9in 0,0 _ 1.00 0.100 0.789 0.0114
To-11,0 1100 1,08 0,.314 2,03 1.11w
To- 102 1.00 1,00 0.4 2,45115

Rul~l410 ,9191 0,40. glop 9.111
RulS 1,00 1,00 0.726 4.310 11.110)

IRu -11Ol j,,00 0,0 00,00



Air WI ui11,111 h Motor' 11i' ipoI~lm

Nwildo (jjtItjj I'hritmrln XmrI Ihoo-11

AIIM) MIN) (MOV/dIM) d/ut \ lg i )

Ith-lIO11M 0.0 1100 0.020'7 OO0,01.02

Rth,-10nm 0,0 1,flfl 0.0472 0,2811 0.154

Rths-10f 1.00 0..30 0,09in 01360 0,4117

10-106 1100 0.480 0.1104 1181 1.41.

11h -1.1)7 IM,0 1,00 H 5108 14.90

Pd-100 1,0 on 0 0.0 0000

P~d-111 1.00 1.20 0.813 5.00 ,0

Pd12 1,00' 1,00 0.0037 00~ ,

A00l9m %0'' 1-,00 0,2801170 0,00112
Ag-1ll 1,0*0 0,oil 0,0280 0,1Th / 0.1314

Aig-l12 1,00 0.195 0,434,60 14,50

A%-110O 1.00 0,090 0102tB '0,158 .0,0050

Ag-uS5 1-00 1,00 9211.28

Cidm.115 16,00 0.0110 0101328 0-187 0,144

Icdo-115, .1-,00 64368 01180 ~ 4 ,0

cd-liD 1,:00 0 :,0 I 0,0- 0,0 0,0

C40 1,00 1100 '0,5 111,08 2,40

* n-S 1,0(1 0,045 0,154. 01,1
Th-111 1,00 0189 0199411010

* - 1n448 1,00 1,00 BIB 0, 82

InhO 1.0 100 0.1102 0,01371 0.0

5n2 ,0 0,0 '000 010 0,0

on-JOB1 1,00 0,0 0,0 0,0 0,0
fl.1,95 100 1,71 1105 6.19 4,82

11-20 400 .0.0 0.0 010 010

~n-2' 1.00 .1.00 0,5 RAO ~ 4

sh-425 1,00 1,13 0OAR 2,78 2108

$b-126 1,0 .100 2,21111214
Mh~27 1.00 1,,0 0,440 2.70 90
h48 1,00 2,00 2A4 .1110 9.05

1,00 0.515 1100 6,10 4,75

S-1l 1,00 Im0 0.0 %1001 2.(0



Airi lonflo 140,0S II (contlnl,'r

Noie Bonm Yphotnilm f'liutrti A0l0' r/hrnS l.;tlni r/toItUNPWnM
AI I ) /dS.m) (Mov/rlii) -A5- W

t,01-105 , .00f7lL ~ 5 3 0,0054

Tau -127 0.015 0.095 0,097(1 0MAI 0,0)
Tfl42 100 ,020 0,0040 0,0241) 0,0101

'ra1 -j2m 0,0 1.00 0.0070 omim ,0*23
Tow -2 IS )00 IF,0 012101 1150 ,0
To,.- 111 0.7 No 3.12 1.43 8,42 110B
Tow-jai1 1,00 1-20 0,347 6,o _48.0

Tt -11J12 1.00- 2.00 0.573 2081 .70

Te.- 18 af 1,00 1.00 1 ,. .$9 $0

I'l-lall I-oo00 1,06089 0.8 IS8

To- 104 1.00 1.00 1,7 9.00 7.14

1-1313 1,00 1.105 2.38961 74
X*,-181 ~ ~ .2 1, 10 00.4007038

X1-3 m 3 10 0.80082 01 .1
X61-IR m 10,010 010,40 3.00 3180

XelS 1,00- 1.040 .117 780 7.00

*Xv M1) ,0 0 .1 0 --d 0.034 0.200.

1G Ia .00 1.00 0.8 8101.73

i~nt11m 00 00 0,642 0.8 ,111
Ii -log7 1100 0,1170.14 0,3040'12
1,-.oam4 10'0 4140 0401 2 1.0 0

eR-135-4 J.'00 1.00 0.27 1:4511.3
Bn-138 1.00 1.00 1.0 .7,0 44

09-1-7 -1 00 0_ ......



T111)A1 1111 (Li nitI Mtititat

/dIN) /dim.) (MOv/dim) MAiuaedu/o

La-140 1.00 2.60 L 1310 0.11

La-141 1.00 0.705 0107008 0,4700 0,304
.u18 1.00 1.700 2134514 111,.73

La- 143 1,00 104d 1.2M G,.87 5111

00-141 1,00 0.700 0,0770 040 013,51
Co-140 1.00 1.630 0.106 1001.3
Cr-14(3 1,00 0,4301 01,0 0,
Co- 144 1:00 I,02m 0.7i1 40ao 0,12

__Pr. 148 1~,00 - 0:0 00 0.0 0.0
Pr-146 1100 1.15 1,11 6.411 4,04

Nd- 147 1100 1108 10,1M 0.90! 's6- --

__ Nd~'d-1D-0 1.00 2,85 oaa91117
Nd-181 1,00 3.25 110 0,44 4.91

Pn'i-147- - J.00 0,0 0i0 0.0 .0,0
Pm- 140 1,00 _1,80 .1126 7,955,
Pm- 140 1,00 1.01 01544 4,09 also
PM-101 1,00 1160 01(086 3.31 1,08
ptii-15OR_ 1,00 _ 2100 0.62 3-17.0

-Pm. 150 1166 1.0 0,6. 4.10 oleo

NM- 151 1.00 1,00 0,0000 0,0544 - 010
AUrn-ISO 1.00 1.20 0.0760 0145b 03271
UIn- 15 1,00 IMO0 0:401 11100 1,130
um- I bu 1.00 1.0 0,1 1490 0,004
Urn-18 -1000 1,0 0,5 (3.08 H40

au15 1.00 1.44 0105601 0,314 0117(
0145l 1.00 01110 1,14 5,55 4.17

lEu.-158 1.00 2.00 112 7,21 00



DlOWn pho~ft()fm photon Air' Ionirntlon M61u01, flaupornii
Nuclifde (BOrN, (Phontanr 11Jnorgy 10' ' r/hr:- ft' -A!~ rit

/dip) /dlm) (MOy/dix) dim/moo / die moo

(ki-150 L 00 01288 0.0721 0,430 0.128

Tb-m6 1.00 0,50 0,0207 01,123 010570

U-93.2t 1.00 2.77 01000 1.13 0.808
T.-3 1-10 1100 0.0041 O.3NA 0..215

U-240 1.00 U 0 0,0 010 0.0

Np.239 1,00 .2,07 0.185 1-11 0,700
Np-240. 1104) 0.48 0.3152 j 907 10

Mn-56 1.00 1.47 1,70 9.40 7117

!t Btfrno (1 .F Millar. Hexpnsem Curves mnr USNRDL 4-nt
lovilRntion Chamberi UNNAIDL-iTR- 155 (1057)

(2) C. F, Miller1 .Proposed necay oohanes. for somec
Vispion-.Produat oird Othur.HadlonUcttdurn 1 UINRDL-

0)CO F, Miller ud -;We It ft)
(4) P. D, Li. R~iviera, IPrivAta'aommniotion In (July 1405)
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bnuod on Uilandolnin'si pomiui~llu of Iindupaidant yIoldr, foi, tho olow iiIiltiluI 115-
dson of LU-25 were used Am tho basic in'put Mita;I Am cllsoussed in kation 3.4,
it Im assumed that the fractionAl o6hmin yialelri 4P a tho 5B~flP for aill tIaiilo n1u
alidus ao that tho disintegration~ rate pser fission of at given nualide from much
type of ftwoian differs only by a uonotant. This oonstmnt to tho ratio of tho mass
chmin yiold.In a given~ type of flealon to the inuee chain y~eld in thae pirw nfluhtron

fission of U-0I5, this oonstant is here called the ohain-yiold multiplier.

Where the decay schemes of fission products are known, gamma rayI
cho roots rimtinp non~bo calculated, In this olams itls convenient to give multi-
pliers in terms of the characteristic siniationo per disintegration of each nu-
alideo. The MiWltlpliern for the gtamma. ray energy emnitted, in ferms of May/dim
and r/hr at 13 feet above. an Ideal plane per diia/s. per eq It.,,given in Table
816, arm anus of ohief ikiervot for umd In thbas 040Alciatona,

The riiulto -of the camputations of the disintogration rates, photon emis-
sion rostes photon energy emkiAsion rates, and air lonimation rates,' for times
extending from 45.8 minutes to M87 years After fission for the fiumiI, nuolidem
U-205, U-238, and Foo-339, are given in Table 01-17, Mh upse of KatooffIs,
yielduo' (Adjusted) for thermal fission give disin'tegration rates thait are Almost
identical with thoag of Hollex and BRIloU~r The air ionization rMe (U-235, ther-
mal) to almov very close to that of Reference M~ At L4 hour s, It is about I per-
Veont higher ajid at #WA Yuiu -it W-1 iiuAt '1~ I'D p6U""O~r Mau 14 u-

Dolon'P 1 Csalculated the, disintegration rates and photon emission rates
for 14-May neutran fission of U-3811. The ratios of the calculations for SýMev
neutron ~fission'of U_$8r'in. Table 3417 to Dolan's values for 14-Moy neutrons.
are given in FPigure 8.4, It mo,- be noted that W!a disintegration ratesl Are with-.
in S percent of each othatr from I -to about 850 haurss the agroeement in the pho-
ton erniasion Patel is not quit as good, with Dolonls value* bweing more then 10
percent lower after.40 houvis The Maxximum spreadý to *5 perient at (75 hours)
to 412 percent at (0,500 hours) for t-dengrtoap'second computation.,
and +13 percent at (MI8 hours) to -17,percent at, (1,900 hours) for the photons-
per-second computations, A few more photnos were counted in the method by
which the data In Table 8.17 were obtained than by the msliiod used by Moani
them* photaon wore uhiefly in the anorgy ranige 0 to 0.0 Kovy
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I)FAY F'NOCtMAL FI~NNON PIM(IDUCTS 1-1111M 11-W116, 11-9,11 AND' PV-2ll

:1 In tii I/otiv for 104~ fINmion (0cmhdonlin)

Yenro 1.)aYN Hcunk TsImi Fl MuN~on1 (A Mov) Thermal 1rloston{ 0.10B 3,018 1,61,5 1.808 1,155R 1.530
1,12 1072 I1.076 1,043 11 GUIS 1,001,

O.O 0,6030 0,6578 012I .O, at it
2.40 0,4361 0,4454 0.4152 0,8867 0,3893
8.52 0R1go.8 0,2990 o,2091 0,2473t 0.2488
8,18 0,.847 0 1010 0.1780 011640 0,17,14

74e 0,11245 0.127?.1 0,10U5 0.31,17 0.1186
11, ()871 (1B3!1 (I)8000 (1)7001 (1.)B088

16.3 (1)380 (1)8'73 (1)201 (1)107 (1).0945
(1)911 (1)841 (1)291 (1)8304 (1)0818

1,45 34,81 (1)9007 (1)2043 (1)9040 '(1)2092 (2I)BOfl
21 511 (1)1123 (1)1219 (1)1,150 (1) in? O11~D

3.12 74,9 (2)7417 (2)1891 (1)7898 (2)8069, (9)7751
C057 .109.7. (2)4787 (2)4778 (g)49189 (2)8205 (1)4098
6.70 101 (0)8289 (9)8900 (9)3828 (8)4440 (2)8390
0,89 R8s (2)3227 (2)2929 (2)3147 (R)p 1 a (9)3198

14:4 845,7 (1)1538 (I)1503 (3)1501 (Pj1541 (3)1438'
ai. 1 -0 ju jvij1UU1 (a)IUU I v MI)1 (8)0685

809 743 (9)0838 (8)6608 (O)SO62 (8)6910 (8)GSIS
45,3 3,0087 (0)4456 (8)4977 (8)4345 (3)4844 (4)41$1
66.4 1,894 ()63 (8)974t (I)3014 (1)1151 (023709

glash383 (a)1888 (8)1764 (8)1790 (1)1125 (8)1780
148 - 8,430 (0)1117 (;)1088 (8)1081 (0)1170 (8)1080
B0B 4,9090 (4)6162 (4)6078 (058988 (4)7188 .(4)GSO'T

3 - -- 01T 7,210 (4)N193 (4)8174 (4)8140 (4)4175 (4)0721
1.2 489 10,520 (4)10670 (4)1646 (4)1710 (4)8806 (4.)310
1,70 5DO 15,600 .(5)9884 (5)9706 (4)1015 ý(4)1588 14)1841
2860 16f 82,700 (B)6010 (3)89078 (5)0886 (5)4655 (8)7914
M,9 1307? 80,500 (5),3715 (:)0782 (5)8740 (5)4617 (5)4400

5.8 037 (5)2470 yquaM (5)0350 (S)9882 (5)2470

1,9(5)t915 (5)1997 (5)1731 (4)1449 (S)i688
120(5)1309 (S)158 (5)1323 (5)10,16 (A)1535

17.8 (5)11MO (5)1201 (5)1027 (6)7*29 (n)01719
211.7 I(0)9070 (6)0624 (6)78114 (6)60611 (6)746B

178



2. 11 iethtnim/Nrm. i It 104 f~mlu iI1 ((1mI IuIdoI )

0.7011 1.1)44 1.1.4r 1,527 IAHM .400

1,64 0O.058 0U444 :0.0070 0.n724 0.,37(17
2.40 0.8983. 0 40h], 01370a U0. 7 0 3342j
13.52 A 2147 0:26B~7 'I0.2402 0121,70 ý27
5.10 ,.0,1055a 0.170zg 0, 15. i71 013420 0, 151 r

7M6 01 Os. 0.1110 0,1042 (1)95350 0.3.025
11.,1 M17109 1 (1.)7371 (1)O9R (16B8 ()69

6102 (1)4581 11tI)4609 (.1)4496 -(1)4346 (1p44 84

2.13 3 1:1 01)1093 (14 on0a5 (1)1126 (1)1105 (1)1130

.1 749 (R)S887 p, 1)71, (3)6847 (8)7480 . (2)7168
4.(2)4032 ] (9)435S: (2)4008 (2)49H1 (2)4700.

9.59 (2)214.1 (2)R,150 (P)2121 (2)2180 (qpn9070
144(t~)14 0,5 (2)1460 (2)1;404 (2)1440 (2) 10

21'1 (819707 (PID701 132 (810d484 lýAI

80.9 M60)73 .j8)0830 (si815! (8)074,0
I -(8)43.08 (01)4081 (B)8851 (84SWB-0 (8)86M4

07.4 (B)2689 (a)v(O (5)9450 (8)2539 (8).239010(ff)Ta0l' (B) I Q4 (I 11 (a))I090
10(I)1.0M0 (8Y102o (4)0610 (841078 - (4)9900

(0 4)5910 1(4)5920 (4)ASM? (4)(1781 (06

801 (4)8118 (4)0110 (4).8088 (4)4070 (4)30100
175 4"4)83 (0)1020 (4-)1866f (4046 (4214

117 0 (50 MOM (5)0455 (5)9022 %(4)1.511 (4)1607
(5.60W (5)5880 (5)5001 (5)1508 (5)76on'

0,0(4UD (5)134421 5)4444 (n.)4-aG4 570
55(3)2194 (5)2251 (8)2050 (5)20119 (N)215I

58I(B)1648 (5)1723 (5)14691 (6) 1121 310

17,0 1235 5)1940 (5)y1OR 2 ()20 t0)0-
(7,6 21 (3)1041 (6)M 124 (6)60002 (0)737H

237(0)7121 I (6)77R7 (6W)i4 44 10 (0V,45
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Yeaz'm Days Houi'u Thermal P'loolon (H Mhav) IThe~rmal Plis1olon

01708 1.907 11984 1102s1 11.106n .01)

L0 l OI041 0.140fl 0.714WI 0.70tKHI 021(11T
9,40 0,400H 0,4077 0,4753 .41 ,1H

8,52 0,9971 0,8060 0.29,04 0.9654 -012-70H
5116 0.1815 011898 0.1910 0. 1698, q,1776

76 0'.1149 oa4 ,15 0,1059 0Ifu

in - (1449319 (plue4 (1i)3090 (1)4060 (1)3108
(4)890 (18810 (1)807 ~~9f4 (1481120

1,45 DO, (1)2108 ()10 (I)91O (l2o (L)21,57
SAO8 .. 111 (1)-1355 (1)1372 (1)1855 (1)1444 ()18

8,12 74.9 (11)1799 (2)6907 (9)011.8 (2)93917 (2)D143
-4.57(4)586 (2)59688 18 (4)6461 (R)OO97
670(I)ROSI (2)8974 s(1)4050 (9)4267 ()814

I -(2)559 (9)590 (2)2069 (9)2708 (2)2511
14.4 I(9)1644 (911629 124060R (9)1 720 W1377
21.1 (3)00 ()9949 (2)1.010 (li)064 (91)9640

WO0, (N)6166 (§)5895 (A)6212 (8)0598
45,8(5)~'7 (85594 (0)665 (0)095 (R8)407

66~4AN8014 (A)510 8}10 (3)2266 ý(R8)015
97,1 (8)168 (8)1058 (8)12,18 .(),1880 ()18

148 - (4)6400 (4)8180 (4)6540 .(4)781'0 (4)0540
Sol (4)8542 4817 -(4)3835- -(4)H8510 - (4)D460

801 - (4)1411 (~41)ROO (4)1481. (4)1701 ()5f~- -

1.2 438, M850 65170 (DJROlQV (M7612 ()1
17M 650 ( R)17 ()2158 (flp9fi7 (5)85 (6)"R11f4
9 160n (5)1109 VOR)1 45 (A)1M4 (519059 (5)1188
8.00 (0)0050 (0)6349 (6)901) ('50041) (ft)1.024
5.58 (6)3782 (O)894! (6)5505 (11)807 ((1)5044

8.8(1)R014 10)8080 18)RO98 (6)310D1 (n)11861
12.0 (6)2700 WPM69 (8)B088 (O)w511 (0)RI n11
17.0 (0)24101 (6)O857 (6)9550 (O)RRBH (0)9701)
27.7 ((6)0074 j(6)2036 (6)2314 (6)19411) (11)2111
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'Vho air Ionizautrion rawu 0 viii-o fi(M CAVII typoJ( Of HNNiorn HIT Of olUNio
interunti thano oroc onmpluod Ini lligtivo li~b and 8M. In trorrnti of' oi tilt-
ioniantion rates "Fil' favtoi, Thu fimotor, Iifl , IN div I'MUtl of tilt t ilt IonkptinIli
raot froun Ony type of RU10iul to thu rotu from thurmul rioutron flxion of U-~2:15,
The fluutuatlon in tho curves of F~igures 3I.3 and U,4 reuleatm the r'elative
prom inmnon of the Important Waimm a mittorn In each mixture,

The deviation in rjo from the value I isit a meacure of thea difformnoo In the
loflhuatIion rate from that of the U-235 thermal flisilora refuranoa ourvo, The
order in the rtp deviationsa, from least to most, lot

1. fission neutron fission of U-235,

A.9-ev noularon _f iliagof U-2138.

3 . fiosion-nei~tron fission of Pui-a39, and

4. thormal-ýivutron fission of Pu-289.

The maximum relative deviation for the first three (combined)j, Otwoon 1 and
7000 hour. aofier lamon, is from -~10 porenIt at 2.5 hours to +8.8 1perceflt at
110 hours, However, between I and 8 years after fission the U-U88 (8-May

- -neutrona) rf Value is almost 1.0 and-the Pu-~219 (fiasion neutrons) r, value Is
almost 1.0 -%oau-se of the higher- yields for the viare eath elements (ýeavy
memo peak) in the fission products from the heavier fimeile, nuolidee and largerI

Tho two main factors that determine the gross deacoy of the normal producot
mifturee (bemidem th-a~IL-~ivem and the individual nubllde-d~oay schematics)
are the mame chain yields and-the independent yields of the isotopes in the chain,
For times after fission of -about I hour and -srouter, the lSolloo-Railnu--
oaalotyationm10 show that the dtlffronoela the ýtotal diuintegration rate., based
on Preeeni'e yield theory, from, those based an Olendenln'e postulate is
insigni~ficant. Th.is i due to the fact that, at those times after fission, moot of
the chains have decayed from the short-lived jarly members to the losut one or
two active members, The displacement from 1.00 In the curves of Figures . ,U

34 o wW.4 therefore are due to differences In the chain yipldne The curves.
show that, foi, times between about 1, hour and I year, the maximum error In
the lonination ratt by, -og of th. dita for (tiormal nautroin flaioin" nf U-238 would
be about 11 percent.
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00011,11 AIR IONIZATION RATE FRACTIONATiON NU00A'!ER, r~RELATIV! TO THE
IONIZATION RATE (Ini yopra) OF THI FISSION PRAW4CTS FAOM THERMAL NEUTRON
FISSON Of U-235, FOR THE F4S~iON PRODUICT M:IXTURIS FROM OTHER fiSSiLl
NUCLIDES AND NfUTRON lNg-R11101S
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-p0 -:1 0
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1111 1111I logilyi~;l Io raoI i fi 1 fmil. IIIEVQ o finll i pfit nMoioth vonliil 11111'll't
p1line for if milit. yld olo imt r iliution of r!nim iri wotiout" pfir mil. 'a r'imiwo
11~111fil]IIPI mlI In 1ithl111" 8,' iThO hKIiMAL Viliglt' IN f6r 1.111 1,1IwRailtI li o~idv6 fINNIO11
tf i 1-2mi; thf, 1owolt. Ili for [Imi nn-n iiiinnt limmINN11 of I'u -13iI

Tablo 3. 1i

SIUMMAR~Y Or 11+1 IONIMAT!ON IfATJCS OF NOR~MAL~ FISS~ION 1l)Itt)I)IisIi,

if1+1 Io#izaDi(JI Mea)
(unit yield/unit areal)

(r/hr at I lip) (p/hr at I hirl
Typ~o of !!'Isaon (fa/qtL) (K11/!q oi!)

U-90J6 (tharmal) 7.i0x10-111 3960
U-235 gigolo") -30N0-1 D40

Pu-2UiJ (Utarml") 06.7ox o,11 3480
Pu-239 15(flulon 0.8.4xto""' 11400

c Per' umi yWiel per unit arva. for- ful fac bove on infinite mmoath -
aountamnatod plan-,

Tho onma value, LOW"O finslons/K4T, Was timed to oonvai't all the ratio -

from fissicono to kilotonc, The aoi'ruipondlng 16O"JaAtlon rate tmutoi' derived
froni ICNW Im (I240 r/hr a I hr)/O(rT/`mq ml,) or alabau a Miotor of U lowert' hnn-
tho YnIm~iW Of TOWI i~e Other ,uthoroIlIl-01,1Y buy.,Y maclu 11iMItmA UPaUALoU110on
(Ind lompliviwrmnNofl t~it tu (Ntriiawr nd of tho dui u'~ for the thoumoi
nuturull fIadIuitof U-235. q

TheIi iiunbov of photoilm Pp~ d Iuii~ntomntloannI'd tho avem~ ae~ no igy of Uwo
photone., for thuI nu'tilil mixtu-i.f of flaum011 poi'lKiuto fr'om I- May- nautron
fig*l011 of U-~2118H "I'l iQIIOWi an a Ihu~lliN of 11111o liftell fimmioI1 In FIMiolw U 117
and 3A~ rur-pvcutily.
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milth 11mM lon. Tho 11 IIMt i'u .110 1, 11-11,. Ow fil I ue id I~ oilpti m ' , I hu Ii by !R Innim mi
IN t a] ibrmtod with rt (u-f00 m~mdflrifd mourtm Thu volfi vmIlt VN1flM I lli laihowl 74 to1
77 p" ifuiilml Iir tw. (,if th"r u 44I lol Inu foliu Pluji v401(1111 lu i u 111 M10141411 IMALICw1IAl
mlunmanh onI tof 01 ~o gammIi1ItA I'mym 1vN thy icpuron hoJidng0 I fil InNI uenllt mild by Ihol

btoimand oLihilr 4111111ill ýIittlviii'l moms, 1 thM Ion1 cflumlbivi, if the InmwirtamI ufl14

'~h~ tily~MtJll~lI ulIho tHI4UJLII j'Mu IAJllI)Dd iMYi awlljjt-idtý4 NIf
aM rly liMo.0 afteil, fissioan .vmfimble mio cn1 4u fov vr iuiucthul-M of Ifluvalfal 11014441"
f oun ofii' V-015. Tho d(a1III andria lkilUm~(4flM of t~ha -ilnia onarugy ru'lommy

i'om th"Ou fimmion produidito. ii urn fnIy MO, alitiftl jMoj(Iq h lv.1ix-m mummaraixod
b~y z1igrna and Mactan.0 'vt~4a umummry (A thmt omntA ray Illijundranuum im

PhctA,(n lftM.rKlau KiV~n In Tw~is 84,W'~, To *dIjuma 141h10 lonIlzm1011 ra~l vnhtmia
tJhU1N.4vulmd fr'um theiuisim ui Z4ignmu. and mavtin tti UllumvY t hit' j TA 3 atmi ,
-mlimitm the fcu'rmte worm Imormid by 14.11 'i~v'ntii-; t1114 ladijultnunt pirtivwduo
a umoctjh Jinn of' th Iunizt~micn ratio 4ecimy cum~u f'rom I 1,1 umily tolu w imir Utimu

Thei annirpulai iornihZai.4rn 'I'atl tri thwol smiuuoi prodwal, clumuwnl. urndoiiiod
inh the) jlcuidttf {if "', Awil iioN w~hvm 4t ui~d~ifup -at 141(NilC (vind "t theu firmt 1wpriod
of ionduluIohtim) for hI Ml10a M (f [4 movond 11 (I94 i XT) and #Il e~ý,ý,Ais~ (14- 114T) ra I
.vivan Mn Tob-10 3.1 fti' 1-May nowomi'r(nfilloi of U-4,itI Vi~~v* l' ~ ,
vitlwaa, W~it~h resnpect in thu nornial( st~un -,prdixci. m, 1xtimr froom thanrrmu'
neutron fMissi on UH-~1II3. "10 volifI440n fm P141' RAHI "f tho vo inpuitod vwMivll
ofi rl,1 willif (time oflior fixotom~r ilowi bI.htti 4pti4Uilofhuf'AiA01ift,110km1 04
I-1htima ofii' um~u 11111ar1.Il 14' amoubdo 11i #0U im.oIifldw (.A4-T M, mod 14- MT,

ruCltyli 11not leirgau b.ut 1ýýiot bItuwueen obcmwt - hourm modl~ 4000M howro~' atter
fiul n Thu 11to mfdvtura rm th-o MWer Vicid to mimvu 'Iitgity ilcotmilod.

rihm wi'iimimwn 0o tlhu omrvuto oil Iliourm I4. duei 1o mmiov dult~afirin In VUm and

"A.10 -) 1ap-14io. TIM~ fflkmuwým lntacm faII'3,109 fifttAlt nro, rumfill( ri'mi thim
!hig~h Sbiuniuame vif zv-mil - ?f34,11, Nmfd tkuppaiam -at 1414400 l 414441 thi I41

* 'h-mirva Amm' !tin thp higihi vivids of that-mu caro ciarll vinlo nto liam 11-21011 floaton

Tuiw o~hm4Nv vM'I~4tot~ii 111 4,11, týt'tlflI tt j;Iju- 1iJMntjI¶ JIM llltJMI~Itjtni WjIjjj
riaIdovdImt~i-tlnImition fltlf~l11b.ol, Is #h1oWil. III iINjtivil 11.1 ibv ii 1o uht(mUuivi froill -.4 4I 14

thei v~lwom clionu~( rpoltt th 101 Iii Ivigui y Vulcim 1144wid tilt'i . uximlioll it M1 NU1112 duilail
In d Uiu (I Olaf thcii TImI' dw itIn par it ii t~hu iIImpull MO ciliai .111,4(11 iftm rif, It NI'hu 1(110

r'aiburind, Ini pm i, lo ho1t lypo ol' fimNm tIi, 1;14( tr'i111ptu'd ott lyom fllow141%wfu
11101`1101 f Mhir oh 1m o'vrt id ur; ruilm Wfrtl.
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IPARLIY-TIMPi, IONTZATION RlATE~, PHOVIN PFNEH.Y F.MININON RATF,
AND AVEHTA111 PHOTON VENRIMY FORl VTPIION PFlICITUCTS FRIOM

THER~IMAL NEVUTRtON VISITON Or 11-MdI

Timn Aftter Air lonlyvifflon Rideo Photon 1Rnproy Average Photon
Fission urlh-ahTat neg
(too$) ao0 1-/lhr)/(QJaalon/uq IN) (Mev/mcoa)/(10'4 floiuonu) (Mav/phutuon)

1 5,600 8,020 1.150
19,800 3,940 1,175

a ie~ao 5,800 1.200
312,700 3,850 1.335

4 10,300 2,060 196
0 7,530 - 1.1

3 ,680 1,060 1.328
1s 3,020 765 1.141
19 2,880 5411.0

1,840 Sol8 11316
41- w"I~- -- 18

0 -840 19

129 378 743 1.800

1ag 280 49.1 11378
:277 160 82.0 11855
ý40ff 109, am,6 11508

8A7012 is's 1.345
870 48.81.8 11170
1980 21111 L4OW1,74
1670 17.9 3S0,992
2780 10,85 ,9 019111
405011 0.. 1.4 -01970
8900041 0.776 094.

0. 0
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S II1rlh,11k ,I ..11

RINIZATIIN IIATI 11 l1 JiHHIM IN I'I l IM , "'lM I'f) N Nl I ',MI- Ii tN 1111 A I, HI I
AT 14 00 1' AT 1l H I';'( IN iM I(441 T0 ANI 1 11 i ,FV' IN ' 1N II•rl'i

AI"TIlI I,'MII, IN fill' U-4iMI (A NMI;V NVIlTIIT NH) AND II Ill FI
T!Hf THIAT I";'(-! THll, NW HIIAL MI XT01-1TI III ' i .M !.!NN!1,4

I I,' 1-I116 ('III'IK IMA I NIIItITII'N,

TTime After Detonation 1fpO v'fp
Years . ) .AY HOl... M4-KT 14-MT 04-KT 14-MT

0.7o8 (M)U7 1P (0)4 11 0.072 0.340
.1a2 (0)I10 (H)2SO 0,891 0,110

1.64 (8)110 (8)118 0,987 0,384
.40 (9)041 (0)067 0,903 01,27

8.59 (9)Oee (0)42.9 0.219 0.,104
5,16 (0)974 (O)810 0,880 0,08I
7.96 (2)197 (911481. 0.411. 0.48a'11.1I (9)1R7 (9)181 fl,4A3 O,A45

16M (110)•44 (0o)102 o.49O 0o605

.1,4I ,!4,8 (10)3 (10)887 0,511 0,015
91 n 51,1 (I0)118 (10)140 0,481 o,60?

1 g1 4. (11)"D8 (i010 ll 0,414 0,455
i : "' ' L4.57 110, (11008D (|t 'nto~i o,393:

- ,70 161. (014)81 (II)86 o.268 o348

.4,4 846, (11)110 '(11)191 0o,45 0,41
L1.1 BIOO , (is)3BI (11)141 0o,18 0,485

80.9 I, 749, (19)589 -(11)100 0,851 0.851
4TrU{. 0,i. (12)498 (1U)S75 0.409 0,680
66O 1•.n4, (11)817 (03045 3 0,089 0,752
IT'S 2,888, (11)298 )311 0,798 0,848

1 48l, 11148o1 (12)108 (ns)no oMS 011122
ne,. 4,990, (19)110 (is)107 0.021 0,149
801, -7,10, (13)479 (13)4S& 0,04 0,90

1.110 41, 10,390. (18)170 (18)119 1,215 0.•99
I,.? o80, 5l60o0, (14)477 (14)011 1,418 01,9111
1.60 949, 13,780, (14)179 (14)111 1,575 " I,0oo0
8.10 1AW" '87 5,800, (14)188 (15)599 0,021, .416
"5,58 9,087, 46,900, (15)575 (1 5l244 0,40 o 0.240
1na 31,916, 71,700. (In)999 (15)1e1 0,085 0,157

1,(0 (15)111 0,900 0,118
ill ,( (5)8 (1,)n07 o,1o 0,0o7
25,7 (10)945 0 •137. 0 0,18- 00 .

", r/hr it 3'ftrbovr an infinitP, imooth plane for 10' flsalons per uq ft.
b, Number In parenthesli In number of deeinmal pointa between decimal

pointi and irut dlgit (nee FimUre a.x1).
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Mq nil. Would 111 1190t for 1,11' IlliXti11(I'0 `I fIHiIOl IEVOINVIII'i ['IM INIMI('I l 111) 1.01 111(

4ltiontilh~ttilto 11, 111 , the 1,1111r would lot, hig~hoi', Tho in~ilorlnn, Ilkikly (ort INtm~ii~iII)
induotid notIvltioes art, 1thuo lproduoC'd rrom iu'utron oaplturo"' by U-2111H 11M wwn
found by Kiniumirl 7, Mrickin", Frui~ling~ (Ind nlso reportod by Riownrt, (¶rooko find

The nativitio nd fon Iivation rottim of' the 1NxII)NIht produc1t nlue 1mm', fo r it
yiuld of 10 Mtoms nt::Yro titu find tip to 100 ditym Inter, are Punimorlauod in
Tablo. 10121 to 11.24, Pero theo nsic Ini whiah the tabulated notivitios are
ansoolated with thr nativitles fronm 10 finniono, thocy nre eqttIvalarfl to a yildd
of onoi produot-nualtdti for oanh fission, rIllun, for thv (anso whore nno of 010
neutrons fromi each fission evont rulsiII a (no V) reaction with U,.298, the I

)Onuioanon rate fromi tine produtits U-2flu and Np-kfiri at ii"'i would ho 0.1iiflxi
'r/hr par fission or about 180 r/hr par KT/mq mi1 The ratio for the groon
mix~ture is then 11370 r/hr:.t 1. hour per KT/uoq mi.,

If the. relative yield of U-20l7 was that found by Kimura~, namoly 0,111 Mioms
per fislsion, the aiddttionnl activity at 11+1 would be O0.0011040 1 r/lu' per fission
or about 1 r/hr Mer KTr/Nq ml. -A--y~old-or 0,111 atomms per fissnion of U-240#
however, would give a ciontribution at 11+1 of about 20 i/hr par KT/sq mil. I f.
thin occurred I the ratio for tho mixturo would 13v 1390i r/hr at I hOU rr par KT/sq
nit, INCt. observed ratio for thin miixture of radionucliden in fallout partilelo on
an open real terrain would bo loop than. this value, duo to both the. Inatrumen~t
response nietil toned -above and to phielding by t~t rnughneon of the terrain, If
it is asUnwed that the nintrunlent respoe toth final mixture Is about the onam

__s It Is for the normal mixtu~re of fiosion prtcluol~o# then it value atf about 711
percent (moo 1Vigura 2.11) would bo' appropriato for -the A /l 1V-139(TlID) or
o imilar -radtao-instruniont, An fftiy-a-inttutono- 1e'ntWith

__respect to the ideal smiooth piano would give an observed value for- the ratio--of
about 780 r/ir at 1 hour pe -r KT/sq mil. !(Thlis to lwor thanIR the, vraluoe,1140,
obtained frani the data of the HIMW

AddItionnal clINURNuIOnN Of how the VIodICOMMtiDon proocess nity prooned at
times longer than the end of the first period of condenmntlonI, and of how the
radioactive oomponition onn aVyr with partiolo simo and dlownwind1 diutt~iwtt

___ anro givenl In tChnpter 0,
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Aftor FIuiuIwn (r1/u) (r/hr m 100) (r/111, x I 0) (1, x 100

(1)18 (1) 13 11 )W,30

2h (I)i 17M (I) 13111 (2)9 n2 (1)1,18
'(1) 11 ""I (1)1328R (2) 94 (I)R117

Cl. I~ Io 4 HO
(lIDR(1)1310, (2),93( (1)1440

all (1)1148 (1)191) (2)03(1 (3)1144
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tflh(1);1114 ., ()111(20)01 018
Ish _ (1)11100 1) (t)243 .C -()i1 0.2 1 D

24h(1).07 (1321 .~(2)m(1l7 0.2113
13()08(I)IOS1)11i1a (2)H311 ý0430
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(104 -(4p)2(1 (4)23 (4)2014 3.112

8041(11)11 31(t (5)2111 113

101.4 (8)414 (4)4(1( (11)1115 3 1 H3
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Ublinptur 4

ONTIMI0MO Mt AT]LtLOT PARTIt1US1M
V0OL IOWINO A NUCIJO t nfM1PWONAT1oN

4.1 I UwuwnIJ22 LrAiqt~n of r[ho- ni lout DistribtiMo~nZLruuqOsu

41.1 Thu NartioijjKioirop joLiutz2y

A very uimplo demo riptivo statement Cof tIn'fAllout jwtiut'im might ho(
that a cloud of portilolois formed rapidly as the result of an uxploston nod tlint
thin cloud 1. thil' dtiporndd by tho wind aivi by the force of gravity acting on tin'-
part tales tn reiurnltham to the earth, Must invoutiteatrm comicrneci with tin'
dl strihutlon of fl'Ilout nunu~mo thant tihe visibile voluo me 6daiiplu by. thu imelon V

outon-mnd itom ahuvo-the point of dutonpatlun within a tew mhiutom after oxplomlon
-morv or it-los drifinum the volume mourou of the fallout parltiulus'

Ag'dorponW, Iwwuvur, considers a moving source voluime whiioht mighit I

ho domrnbu'ho us tho Wal volumo swept through by~ tho riming fireball nncld-mtdm1)
In Oither Univ tile siiutcoiuinuolw 10orth. partiuowo-dalepdonti total yicld iii IIJLif
other than Amurfave dotownitloan 1110 uomsldurotl 1 on tho-huight or depth ol' burst.
Thu yieldl dependeont parhlunltfrs wliluh are used to Meina the partIulo1 fourowr
guomotry Incilude (the cloud height, calud thicknues mid riadium, andi, uouasluonally,
the ste1m goonwit'y. Andurmon's- studies lieluul (ionswtdo ratlo of Cho 1I 1i41
dv'puilndono of theose paranmeters.

fleeimiportant Aaditional factor that Is usuolly uunoidaurd Is tho
distr~but0o , or patial t'unauntrntloii, of the partilvao in lirryotlumo, and-

gualnl itii v' anuidL'rntluns Iiav6 bobn given to Mnoroni ot rouaionton of Cho:
- -Jl -1WittHIin- by moVvaiil HIlVU,64il1otrs ,a

Thu(- f(Ill trnjuc'tory of a1 0piirtlok Idopoildo on Its9 own proper'ties 11id
on nwtouroluglvn1 [no torw- The, Vairi"Oum upin' of tlii1 w-m 1 qju lw'-d.
cunuid by ftiuhuu1rt.1 Antviuiu'un and olbeam'il The maoar propri'lu(M thant lnflw'noo
it paiitIlti'sp filt k-lc tlruii'gh tho citmosphot'c' are It0 dunsity, dliamultor or wtyw,
an1d Mhliiiw Thi 11ui wujut mornolog Ion fautors i lt' tOW w litl npuucd mod di reMtion,
aind th1VMI tvil'tuniy !11 iI ViU1ctisi



'The tw i 101 twopc t'ie m, (if vollrxv',i lre lopviclnT~1 fill thu 101,I pro"~Mul to
itnri tomnporato ye andr thopio In him ti, cihntfilo with altii~tie, i'ho wind olmpod ifinti
direutinn trc also hl~hiy v1`1111,1le 4unltittle minou each lifts lxth mputitin imil timo

t ~~variation., Thu vurtiul intI onmi of the3 air and parliole-wroup difiumlon nanm
Influence the fall tt'njeotory of parfticilu., but. are 1,11taily nOt taken Intolloc~iount,
in the study of the follaut distribution procesms,

4 ,113 Rl~

Thu rnajor radiological factors in the fallout distribution prociess
kar the fission yield land the variation VWith partiole size of the gross rAdio-
activity carried by particles of a given site The first essentially datermhinse
the total radioactivity available for distributiotj on -tli partibl', thet 6060M,
invnlve.l the distribution of that radioactivity aftietig paL'tialvI of difforent, sizes,

Additional factors, much its neutron induoed ieldInMMtIVuly, fraction-
ation, adthe bilogial availabilityA of ngle %imuion-produat elements, have not
yet been Incorporated Int~o studies of the fallout dimtributitn procese in at
systematic Wily by moot Invedtigatorm, and fallout model designers,

4.9 &&M -a ti-se theltalu hitiutign Rrooous,

[he original attempt it demcribe and/or predict thin end result of the
fallout distribution processo-thu fallout pattern--was made by CIr. lMende, and
cowowtker~l Itt 19W.~ The original scaling method wits bWed an the work of
Laurino and Poppoff~whioh described gmom fallout patterns -from- operation,
Angle in 1051 from Vow yield devices. The original liauling method was Intended

frprediatione qr estimates of faillout patterns from yields ossiibily ams high as
IO-KT 1n 1955' the-mMthc wats expanded to Include yields In the maegton
rupg, without adequate explicit experimental documentation, Thisl method wan
mubms~uquitly included In IENW. '01" oma studiesa of fallout Offeats. a moaling,
system im to be preferred over a complex mathematical model. Thorofare, a
moaling method for estimatting fallout patternm Is described In Iluction 4f.1.

4.2.2 Mathematical Models

Mathematical models attempt to emtablinh quantitative valu~es for the
several factorm mentioned In Reation 4.1 and to comnpute the activity deposited
on the ground at various locations usually with use of elvotronia Computurm, 'rho
general apprnauh, tied and tho organloations Ad,d Invastigatorm liwlvolvd In th-b
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f uviilopllont ind I ' (1 il.tI (j. of theme T00d111 tip to ID5f7 I P doimoU o ~I(tin momom du,1ilI
by 1<11 f T~itt I, til qlopnionimin Intudoi thto work4 by A nilvvmotl, lul Ih I 'It~ Oiuh in
ORh 111ih o Io by C11111111h111, tt 111I and hi y ili pp)1 2 to montion n I'm (if tu i wle 1110 1 livi o
reiportari atid ios, A goiiorriI oommont oil the romult;. inigh' ho thritt tone of tho
modulm agroo with cauh other In sevoral cioudis, and thfit none of the models
reproduco very accurately all of the few uptnt In the y~bd range of l-KT to
1n-MT thAt ara experimentally av~iablnkl,

The exact cauues of the difforenorou among the various inodos ner
difficult to toolito for Mt Ionst two reamonsi , Etach model Io different from
Rny other In moavral of its a~sismptlonx about parameter valeso or In its manner
of handling the many variables mathe motto ally, ii. The reports descoribing the
moodel. generally do not include sutfioienti dotailad information rogolmilng the
minor assumptions and the methods iled In molting the camputAtiona, If tho
input data in the rmathematical modvi. were all iýnore reliably astablIB 'had[ experimentafly, mnany of tha differarios. amiong theni would disappear. Whether
better agreement with obsorvations resulted would still have to be establishod -

- - -- uad Nonotheloms, mAny of the features of the MA~thematicai modols Rre
Ano few Og.otior, ID which. doz or-ibas the -derivation-of a etmplif1pr] s!OelingL method.

IF A fewof the, parameter va~luen used in several of the matheimatloal models are
dirncusied there to bettor dooorUbe the over-all process of fallout distribution no
it might take place. In Chapter 8 solme. general. concepts are described that,
could he utilized to derive a more refined mathematical model of fallout thani is
prosently available. Home possible. Imppovements In the treatment of tho

(. - ~~~problem are Also touched upon iný this chapter, cmua~ni

10 motmteaia models,aftsr selecting the Mause of the

carried out by dividing the source geometry for tifich Or several particle sign
ranges Into horizontul dlosm of finite thickness, The location on the ground
where-these "cartiole discso" land, under th -nhgncof the KPOIribad Meltooros
logical conditionis te aoltd All the activity at .soh ofa aorlori Of
coordinate points to then summed, Recording to the number of different discs
that, land at the point And-the aRmount of Activity assignod'Vo, eaoh dime.

No shojrt.a summary of the work on the mathematIcal m odols should
riot be interpreted to moon that the efforto In theý development of tho nthom, til
val-4r~delff hve been mmall andr unfrulitMu1 On ~the aeontrgry, much has boon-
oflmarned aouttof lolOr hog thoem, and moist of the eanoepta employed
by mn ftemteai~ oe devolopmenlts arnrconver-O in tho romotiindr

of tin h~perButto dscrbe ll he orkand all the dotaIls of OROh modelouronty I us Isnotconidool o b wihinthe scope of tP idecumimaion,



4,1 Do V)'t I' lItit V~ ut P411 ''M of1 it Hl!!t

The fallout eanling system dosoribed horo waxn doveloped for
eistimiatling oKV~ii dVIinten itallm, potential eximoNuI' (IoMow, and other r ad tologhi al
quantiticis by ume of both manunl and' machine computattonni toohniquem. The
syste m is boodi on corrootod expbri mantal datna, on ani neal rolationshipsx
Among the genmatrical arrangement of the cloud and Mtrm ao the source of
fallout particles, and on sevoral of the oboe rvod., fturo a.of thp fallout pAttern.
of radiAtion intensities on the ground. In the system, the cloud rind atom

dimssl~u ae '~~'l~edas simple solid geotraet~ri aonfigui'ations to foolalitato
the use of filgebralo relationships among the model paramoters and the depend-
once of the paramoter vtl'ues on weapon yield.

In making astimates of the hamarcs from fallout, for tho purpose of.
establishing the nature and require~d tsgraw -of protection against those hnYArds,
two mat 'or quantflties rooquiring evaluation are (I) the exposure dose levels-thut
dcar restilt At' dtfterenti-iistanoom from thc stonpti'ort- an! 0) 1ho lannd PurfRac'o
anrea'in which 'thi exposure dome Ije greater than a stated amount. To make theme,
evaluations require, ostimmtes of the amount of fallout that deposits att varioum
locations, the time at whiuh the fulicutý nrrlvos, and the rate of Its arrival,

Such general evaluations of hazard levoel, and of the prnteotion,
requtremonti for radtiologioal orantarinuiurus in datenos planning, must fi rot
consider the possible levels of ef'fect (or haaard) and, in a genenilleWd manner,

-the teasibiiitv of mothods for proteeting against these levelsuof possiblo haaard,
lror thest' purpose. a rather simplifiled fallout scaling system Dan. servo because
no Prealue or acou 'rat~hprediattion I fallout under- Mpci~ed d~ttnatlon and wind
conditions ts possible even with the most complicatod fallout models dt their-
present stage of deve~lopmant, Therefore in. the following discussion the
proesntittlon IsIl~mlied to the dumaription of A simplified version of the fallout
distribution procamss-

The mathematical derivations of the oimplitfid follout manling nyxitem
attompt to-tdepict the full of particles of differtent uime-groupp frvom a volumo
souram in the flirt tho boundaries of that scarce are assumed to depond only on
wenpon'ytold. The prohlom too to describe irnthemittlonlly the depeandenov of the
fa-llout pattern featurcal, III Npace-And thner-on--() tho clotid and atem geometry,
(hi) the panrticl foAll1 voloo tiles, 1o) tho wind voloulty,_ (d) the radtnnotivity-
pnrtlole Alto disrlautfiatons, and (0) the wVAPun yfeld.



nlfl V l ,KI W tho vom fi guri'loti o ofth~ f-Il e MIii 11M th 1 ,1,11011111 of'11 v~on I 'NIO 11U ii vont ei
or himn whnimo Ifrrp inri tmm kpw~ mnfI d.' relient III('w hollomni of'hel
m phevrii . Thu Cin 1 of pin illeto CrfIom er oh of Ithumo so rvi' vi wiiow NI O~im ii tiorud

The dieiortptlveo quiltionoi bl fallmut from vioud illtitutyls are bnued
Oil the followinig pruilUn IMI

I 'the 6cloud acurec' of tho partilolo (cit ahou~t 11+6 minutes
to 1-14- milnutes Otitr dotoncition.) cMe the *hope Owl Obn oto
sphe~roidt where Ft IN the ninjor Axis (parallel to the earthlo
ourfaca) and toI thm minor axcis,

2. The partileso of a given -IoParameteri a, fall with 14
coinstant termtnall volovity vector, v1., from their position
In the cloud to thp ground.

3 The wind volootty, vwi in onstant with timie andI space
thfrough all altitudos from the ground to the top of the
cloud,

-11. The Initial distribution or the particles of eaah wo~i
parameter Inside the cloudi is uniform,

__ t.The froational dlutrthution-of Ahe total aotivity an each
paProle group can be determined from fallout, pattorn
clnto its a funation of that groiupla fall velocity pmrameter,

The outer dimenxiono-of-the oloud, according to the first, pronislmo
nre tdefined by

whore the origin Of the X, Yj it VOOrdillntl systam In dIreatly over ground Nero
at the altitude, h, at the clenter of the olloud,
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Aitt( Im 14l i -11~t oh Vw/ iglm -n lV 1.I~tit ltwp(itlt M. V. Y)I. il IIIIIIIV HM M 1

ltioniwlti rin o I k1IIIIhlu I IIIIIH (IInt It I v g rIII ' II ttl fft 1.11 do liwht' 111mtli lltvo X.' hut

XiiICU)

- - 111_I~t Thu' n i n1111w t onfi unfltn t m wintho n Mt'nti vIt.O fuln.M

III' ptoorcui (.M (n)1 i huIvItypu' IIt Ot 1111 link' OIIu byt~~ 'lit 42101141 it)(11lli W111 tu1t t)
on1111i T'I l , Colthu viltt'tkdur oftn pa-110 .1 ji4oipn Hi'mu t'-pinlou nrmfilIn ,

th con, ui A nu 1 f Im flu cr u toima tinvin nft'oInn th a l uJIink (tt~~i hi

lyon upo onq 4 tw th 11 Ihonitid (101401 ltumptui b 144 y Mtt o Aof

Ni4f ing I111- actfolr Auc I n nt A~~V¶

IVI

Nbr~~~~n~~yo( AII Mi na'd pu n ilvo lodovldb

pnv~~~~~~~~u~~~~m ~ hnl1-hm u ~ O ,u m m n m ~ i h u pl



TLho ocitivity tiontnitrn on flip piound ourlirni for n ive ionwue YIo f ii

the !eofil'o or ie 1pomllp~J Vill, 4.M, In ~II Mnr~ dald 41111licat kivr,.In

-_________ (X -filh), ______.____

A , +v 1H13  A + 1
(4.0)-

The ventors or the olllpao areo at X oqumi to oh oid at y noquai to-O.

Thbo Wilotni tity pc'r unit area dopouttod at the novaltan X, y(yt
tnkon nm tho mine intertil dtimunmlan on the Wt'ound in it I; in the cloud) Is

- - etarminod by numinmgn the conl~ributiono from Mil paa~i1i v:.. or Ut It Wa

A f A, (t) de (4.10)

whtrre nanmnx) nnd-o-(nýn) tire given-by hOa two ecpropeave valtion or--

li I/1jTr-r6I $I rl*y'h b y'/a) (4,11

I'1lu~idlan 4.10 ann bp Angnrittod grophically If the O vaue. of A~ Anti the other
"pnrnnweruforI mwv poiflorI. From th"Arnin'oivon 1y P~ugh nnd OuhinflOVC and by
llahuerl14, the following ompirivni monIIng funcitlonn wore, derived for tho yivJld-
tlepr'ndent pnrpmeotrm of the above oqunttonul

4,. 34x 101 W" ft, W I1 ýKT to IQ Oh.KT (4 A)'

-0.,445

Itl 11,66MIC 4  W i W I -KTI to ANi4-1' 44 Ill)

11 1 t.MXIO 4  W~ 0. IIA , W 21N-KT t ( 0ii RK~T (4, 1rý)
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Ali njilwcxhwidni m uIIH ii wolod1w -intuit gi A, vin ill, ui.'rivoil fmicui
IIItorrnutioloiinf Cho. I'lnifi liiht Ilmit~u tomi H I. From 1111M ,1 CIO wd IAN Owt
.ouoid Voluhvl oIm In'lu vi I IpetirtM I OF I'iiiV l II~t In 111,Mnit thui, Il uu fIh X IIMI IM

V0 3, 4NIC)"1 WI, I'll cu. ft. W I-Ri'V t 10n Ifih (01111)

11' thu. I'iioutin of thil tottl, mitl vity ,ietonintori with tilt ptirt rItiurn hitvlng tilt,
Inveoveu FalngI n vnlginviy (I' IN f,, ind thluinvr pii I etietv iom 1 uniformly r110mtvI h1iteltr
thrnughcnt th'n Ioumui, thvii Acj1 M1.1ou1un in f~yAt/V,, whorp A IN tilc'UnI to
I ,4x 101 K, 13W flamlonet (14 heure In the rIoti ol tiolet' ,100 t)n tuotit I y ftifil g IN thlt'
CrradLon of tho tota~l nutivity pi'oduved thot Is uontalnodt In theOw 'Iou Findi W in tho
totRa YIN'd In KT), Tho valuo of At, is than gIvt.,n hy

A .,4 3 6x 10l f,, R W 11 W I -KT to I On -KT (4.17')l

whorru tho doptindtinetm of g1, nnd f1a on W lp qwinpncmfinrl.

rrotn irblitrry flimtilbutitonil of A,, nnl -from 'viilu"tlnti of A~(a)
-and Cho diffaorntw1j ftMal Cun from Mq. %4.11.,, Itwn. no .lnlthid -61(1) the(1r(PtII ft~mnuu'

(V 1~1 ~ gonovtltmy Is not Ihvge1 awl (2)_the muxtmum Vaiw' of A I (a)
galinraity ocaurm nniu' tho value of (v thatI Is eq-01OiHtX/ AcoTnte n*-i O
aj) 'Fh~ -ivet u'utimnuv or thoA~voii wacsi nboininvii from vxptlriwiunftnIý
knowlkodgW (or u'ni~mnivii) of A, il'ong tht, line y - (I *firnlyl I,11v frl"tI (in640, Inde t1'Vil
tho 'namamption-of ni conntonn vnlut' of A ,(a) tivalunted 01. o~, #nt n ruwtvnnguln-r

it~op IullUtion 116watilrurinnj.-n_11( ojII% With thisnpI~proxImntIon M~il, 4.10 hocornntm

NHubst~ilt lipg X,/HOTrIYA!ft-i &I" R filid-Al iw----Y----------

AVII X+I)

01o that rul, 4.119 hoonnrvitwi, ' W111,11 F6CVm rn1 A 0

V ýj hi 
ý'
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1'nv Nil vtiliiiis ofi I-be onmill-t.niis wild hut' 1V11iIM btuII v'rditio (11 X, lIII'
VRILIt' ofi tho itidinit Ii E'q. 4,W iM )HI1Wt~u 1,11miiIdlMt ii* thn eM

The rel Rmalionsl heitweisn Aft mind the obstirvod lfintonhiy, Idi)j, Is disaoussud in

4.3,14 ParticlesurAllnjfrontmg Ahtitwies

Thu snuiro volumO forp artiales filling from, 1.1 stsm is desarihet,
in utlneIi a igue'that ts virautar in the' 0tifn paRM1e1 to the'lgr"Mui hut

whose1 radius TAreauus uae Mu~NtlRy with maiwtU4 The laowr radliumI Is eqa
to that of tbe flrebsil (1AN) Utthe' times Mie ~rerbgil luw Am rud tehih
at this lpoint italo i, The mtomi rwdin atthe hbgI% l¶ bs the sft pas* *WAat-o
-the aloud kit Slull-expanstcm. This geomvmiry ;xwtnrys apricrle souroiwvlume
Vhat expands s.0ey '1hiovat;aUtinle as well is with ftreWIn rKegsa m --

- - f~Efl~11 Uh't41 t foltbio l-woliariteiristw aloud. Thueutr ValWan*,-or x*Pa.-
trobwohiwhlh the firohwll(or a0oud) Pas00111 4A 11s ri0se 00Is oOnsred to he the

chamalati of theke aLNmmutm inas Isgiven '141 thm followill; tnt. Many fttRdsfll*
iiUt1sm i~n ýthefalu Models0%1 sAri i the tIWuO Undermtaitdiwg.01 taou

farnAkm annd, -4s distriutonatS c~iso rbmovel iimot 'NOS a1rfltKI n were'
a-vailiH1 ft the proosseea ftht atcfavIlW1 nOumr~frIng 100 Olmnui rime

The dssauri#Lve ectumai4olts Torthitto fallot tram ORe s10Mn altMtdes. are
based 6on -the 1011uw~ing Afluhript~nimI

1. ThTe stun, .,svwroe' of pr~virtmtd s hat he " shape ittant "td
2 rnApnneCntll hornD

fl 1 I 1tO 1rVVI4I Ml veloilly vctotar1 v, %inrl A'#1ooIty1 vw,
mm'd (iliir rtifio, tho pmridole' sx..aamir ,rfl th

somaos ri ~irI (ite 1 [mm~ vink, dnu' 11liliudrm,
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4, T'he I'VIugIIu mItd NlialuN (I iu l o, Iheo m I.1M it 11milm. 111,11
"peci'floid lay Ill he' IjifO t'iofiliw 4(ifiiwiio 111 '. Ihalviv)

tac I n ti ' in Iritfaitm Ohnt idii N~ncrvitmem fa)i1xittition iniv ~
with adlitudo frmi it, at thu hplgtht IL tit the ulowiu
hnir-Ilhiianomm, Ii lit the huicight h,

IN inn. mke hmnid aninpIutotinnol fanvihla, tho portlc~la
having a givn value of fi, in the aloud volume At A
UIVI.11 'i-11ttidis hIFbI FINikklid ll Ii liI)II(IfitiifitairI ion

a hiirixonanl pltane through the venter of the atnud
volturne,

I. The particles rime with a voloolty that is equal in
or greater than the ratfe of rloe of the oenter of

the caludi they hujint to fmil-l'.rthward from the
attitude at whiab their faill veoioat~y Iduc to graviltyI forovs) squalo the rites of rise of the maom of air

I -- surrounding the partioetes This attitude is assumed
to be locatedi In the re~aion near or below the bot~tom
-of the rising alopd. Tol.otlwr with Ashuniption 50
this maimumption ipeotfims that ril.ropwI1_
a #iven valuc of a rall only from onb altitude or
attitiude Incraniont., Therarfor the stze- segregation
with Mlkitda, its deracrtwl-la-scinonwhitt similar to
that, of an idoanl flutdiood'hed of particles,

7. particles hayfina the mimuo value of 61 fall In th. down-
-- wind direction alanx tho-lenigth of a high.-inten aity

__ !~~~idgIWnvar-glrund -Km, -The di tmthuw it _

___ ___ -the -Altitudem of origin-of this-greup of-partilots Is then
equal to the length ot the frhtgt

The mathiematical i~oo u h shate the volume of-sir that-is
- swept eA ut by the rising 4"dut Wu bau.Wi n thornindynanmic cquations. for lthe

adishatic expomluon of no ideni p*Ua tncluding a term for the Ohntip III free
onirgy with altitude, and assumingt that the oxtet'noi pressure is proprtilonal to,
*xp(mga/ItTj, In this msem-model Approximation Cor the rising oloud (In which
the nuimber of moles tif %as In the Yol~me is inuroasing) only the exponentIIrA
Parin of the equnfion is relained for cnipirtivni Mi lo the diata, The volume of tho
stem to then reprflenailed by

v, (4.231~

where V. and k, a rt, dltWrinru fronil a holown V'alimeilln at a minjil (ifm la



MliIn o 1,111. M1.1,111 iiiiiiiiia IlIunt I hii tii i 1, 1, NIlIIIIC' IIH thoi l 'loitld volliuuii
ai lull uNI im l tiionl, nit noly nin Ii I i I III(IIII M III I ro I (I Ii n'l I' I) tt Ioil uuuIII InII I h o e t li,
the. uTIJOr NM011 -11,10 I 1 1.11 lth o t(il VitIlivitv uuuuy ho WtrItI'III 111

nndev Ita mnno Itni InxI oqnIto2, I

It log a

It, / (4.27)l

-- log b,, 10og bi h. (49,9)R

and

kh.A. 303 -(.9

-- V~luov~f-thaiu1on nild fh~bl w orn'r~ohnw or l('vtirlyhlfid R110
liste in Tab-to 41.1. TMa outor ftmo Fno 1 -Mo $to*t are rloT~nt~i by

X, y * (4,110)

for which tho contor of thi' toordlInito myutuni h nIs A irfatio vu'~rn,

Trho portilnl fall and auneculnllntn vquuttlonx f'or thii xminlonnory vlunud
Could I' umovd for Iho rianin vloud In ontim~ating tho (v WrOMPA flrrlvIllm nI it glvilut
do~wntwind looation. linwover. *uoh Pornputalnho ~woulhI rqcuirv Ihi' use of tin
oloutronla Oompilloi'. nnrl the Mornu tiOMPHIotud tronimot:ul would luotliev'afnril~y
Improvo thoeQ acurnuy of vatrnintoov mittku by tinilg thil mimplor tiomputntion.
Thosa mathominhtioni aomplluutlons nrv vllmihnnlu' whonit'uin I unNUiuod that. nill
tho partilola ftntliii; from thll rising ft r'hui I or Elloid Iwo v' ouit'ntriiiod litt 1 111
horionotal piano through Its wi~ntu'r, Thin nantimptlon Mlao (1ln1mintitti mp''tt-
fivaiitof. vitmint Ini' Iho hlwlght. or lu-i pmint rwf ophri whitthtun flmiv tn Mvew ,I'. oy (
group tiirrlv Ing it ii pit rtleul nr Point, onl tht' gr'ound Puu'fuuc'v I f thi' ,'u (1 nu fccim Col



VA1 II'M 01 MTI1TN1 AND) I1111IIA IJ,41,10hiI) (II1:X)N1 I'91liY CO(NN'lAN'IM
I'")Ii MWOW WEVl~ 4A APOA ~N Vi l'1I111M

Yield k.a0: /2o k, /iR.'I(III

10 4'20K10? O.5lxiO 4  4,28XI(f 4.4ij1O 1

06 .8IV' 2.72x1 0  i.00.10' LOfXO10
10 1, Ongloa 3,141010 4  4 OU1.10 9,7 1XIO.,

10 6,5I( 4x.1 4  Hfl4)d101 11,1`10.0*4

__ _-the pai-t-lo-ic ro~ips rail In-f-rlbr Aheo downwlif-dged~ of' the Ui0tvi fv a-tfid, thureu

f roM the upwind-edge of' the otemt'A at a givelr downwind dietinue oan lie
dioiiminwd, tMen It- 14 possible to Num upý the aotivity depositud at that 1cotirttlon.
The mimpl. ct caaue ,W t th y 0 pIlane; the molution can then J~u genuraRIvd Ijyv
repiabing ti. with /0. -

To detlernlinu Cl ant rV, three ioquattion. tire requireaI in Orric'v
toelint 11 a'111M Alm R~ frOM A otifM moAVIe Octutions with equation ctonxtAntsi and

______ yield -dependent prarnumetrn Two of the three equationa nve

11 too 4(4 a1,

and

where tv i0 aither atm 111 0.1 tv"M dependiing ohe Miia 140 f fto

rho third required equittionn mumlt giva tho o, vavue of thu pai'tIola
group fallingf from at given altitudo. An equation for thlo rlouovlption wanR (lrivuIi
from the. datit of AndarannO by the (n1!nwing tanlhniquo. The alfitiud", v, In firpt,
defined as the mean altitude of location for thei pardelalo that have ontoror itia
firell'*1 ut' Olotid rtnd have volluvlied vondunning tarlinnotivu plumunixi.1 Un imo
1, after detonntion.. Tho adtItudom vb', aq ndl Vý (tro tho heiiihto of tho hott'olm

t;an~d L"Ofli01' of 11h VIA'alo f'li--ty)aid I r uhiud ii i flu. I. n ftrfdutorintion



II011vil'fltuIly try it i ltuiolio of thI3 fwrtil (loill Mitil iii.lol 111111 (c.i141.1 wir 11 OVIi~ viull
Ijui'i " of Tim,'he' Intoug rtl on af the a noimo of rinui with tUw mu hotid g ivu thu
vlond ll he~ight no n llviifwton of timo TII. P1`1w 01l fmlor ini 1,11 dohurKnoWIlifio INI

wlinro h in Ow, hvilit, of thu, douni nnd h i It 1filh-thi~km0Nl ut M H il 10) IlullhltoM

fft'n, flktonnrlnhij( The mudtipliolt (1-h) N~ 0 pei'oont Inrgur than Mint ohnhtnno
dli'wtly from AndtormonlM fintn,.

In tho (inme~ ofj , Andormonlo data givevaoomi~n thitarel ra tboiti 4000
NOrefltol' ftt 3 mintilteN after detonation than ann he obtained fromi Mothivioill

dlntnfoT tho 10-minuto tilolicl expannion, Sinee Andoiimonlff du~tA1gIV( hnt~go'
vflluop, It to nomunierl Wtht lit aither timed inoorrootod at nrved (Into or thiii, hI1M
vn~omr were adjuntndto th; heght. nt thu Nervada '1'ei Otto, A- armon'm vflhtivm,
iuilourdingiy )wore veducad by 30 percent to agree with the v~tiuam of h~i Mint

woud-p iliidodfrom 111(1. 4,111, 4,14, nodt 4.113, giving~

'~0. tt3h 1~ I go 0"0 (178 * t -n( to t OO* Z(1 (44m
tootet whether the only yivid daoiendanco of tho miuintion Im'that lIn

tho pnapolmotym liln nd III the rates of rise, i~,#, atre comftitud for thne 1-MT yh'Id
for uwnymei~ wwith-thn-ii ahuf~ given in 11MW- (p,.11 ). TIW-otaulCUItod va!UUON1 -of
Atrp found to bo from 0) to 1111pircent lower, tip to 1.11 minuItaml but,-by 314 ~

Ili~ftutm, Clhp I11NW rntern of rime nru 8 tImus 1oingiY A1061 thtn Inrocir rittes from
tho 1INW diltn giva Intogratod oloud heightis Wthntre Inrgo~r thanI h+h when thel
(1loud rINO-rnitim Are IntagrAted over the ho-tm Thirfurc. L ranto of-rliov
mlumt dIinartnmo moru rnpidly nt, the hongor tiomes~ thanniicoh tho viriou

Vlewnfhi cttn of liiW,

rhp heitjlht of the contor of thn cloud, vi,o no dtitorrIiinatw from t UK
ovori'noaof wb~ mo~d P~,1 in tppro~ilmatrd by

-0. 00 90 IS
(I, ()1 Ntil (1. 093 v AO.I to 400 N~tw (4,1311)



1 ori ve 1,111 tit iiniu it y, l / Ih u viilu l V Inu I III olul tiM 111 I M f l l u' 1,1hu Ill li MlI, filt 'V.

1111itoi ifti flotrmal fill tItI.' flquiuuill C~ho tutut "II rli (' m .11f, f4lutlt1(tlf,1lig IIIr hfIfsW

From Anduurinti' pitrtilo ili ~ng-raioA doau for sphe~oltid Ijhrfltl0N'

V, /vI 0. 95 4. 1.DxO~x10 Y

N00 (to( i O. (000 ft,j 4. 3M)

d ZOO t~o 1200 niliruo-i
and

V vt 0,58 1. 74xlO 1 r4F

Sn "0 to 10R01)

cl 300 to 1000 miarolil

lEquitUon 4.3a, which -Ia a~plf-amble to mast rd thaAl t-ftude rgioni 0-1
poesible -item fitllout, iMe the Plotted dato extratm*11y well Lin the al-tfUutle xnd

parliole-uia # mneindicated. llvmn when &apfisd toattdut~ O~ n
60,000 foot and to partials diRnmeterm up tW 1000 mitronu, tlha differenoo. betweton
-the rittion 01alculated from~ the CNbuI lbi4 id -ndrcrn, Ow. equation ýRre _

loAgo 2hn 0 percoent,

When the alaueN'-a~Wo of, oire Ak and the- ,avilclo-ionll
ratte.am orne (oo to oompute the Urnip (if arrival of particles at loontian. very
alums to grpund morn where faullouti tram oteni altitudes hobuld prodmirlitiie the
Woaulpited arrival.0o tim s r quite crnnoitotntly loerhan'r m tihe nhn.rveei tim~es
when compared with the few ovailable ohservod arrival tinnin in whioh the
partiale nPlus are xlga known, Actually, the same discoepanoy, Is often abbserved
for vloud fallou~t ot latrger dintancep,

Thin result, I,.,, the longer atrrival time ciomixitedr for ptirilple.
failllng neor ground smor, in riot sto Nenemal or cmomprehenxive an might M domitesreirl
beoause of tho Phormpg dr dettan For ciomplvtei vw-riftiicIln, Ilt it 11 uggeptm t-wo
ddueritionp Alvitit tho ralutlkt provmps fromn ostm Rltitudos, provirlorlil is itomumeli
Chat, nt n given ilmv, t-he Value. of Chom pmrticllp 40all males re mnro ewcurfiemly



known thin iR fl1w niir idi pria of 1hit' Nit uritintiing 1t Oihri~t' (txhA ump-
tion Irn wflboul douhil 1 gooid oneO). TIhe fiIrut rfduntinn e1 thni 11w change, in tut
of r. ime o1ho cloud, with i Uni.0 IfM give'n ly tile cixjrnenlial lt'rni a in 111o Pqual i'm.11
icr 4,v,, o, aid Y.z roproiT'l5if. the olimigs In robu of rime of the air "roundl the
particles mare movurmieiy, 1hmin the ruts nil rime of the air itself in ropruuantA-1
beosume of Ii~Lluurtciem in.The equation multipliers, If thim were not thie oe..a
the dlmcrepa~noiem Mi the calculmlted and observed arrival linmo would lnot he
conslmtemtly of the mamemiign,

The, secoGnd tdutin that, whon the riming Mlaud lake. on a
toroidmi motion, the Isr~br partilule Kae involved in much a way that they-
experience downward accelerations for some rather extended period of lime.
Becauseo the omloukatvd fall raise Include only acoeierat~on duo to gravity, Ut.
computed time of fall (neglecting downward mooeleratltonm) from t.he height of
the alo4d w"iMi always be longer than the true) time Oonviwermy, when lb. fall
rt~es are used, lin ordor. to estimate the height of origin of a particle from the
time of ite arrival on 1he ground (inaluding its rims time), thie computed htuight
of origin Im learn then UO loud hogt&.

This Inkerpretat~on of the ubovei-mentioned ohuervatione of-particle"
arrivlvu time may is usod to describe. in quaalitative terms, tOe process of. slan

iaflwut~ ~ ~ ll ?irmniiu~tkes Oh *ort*W -' ato we-heitui
presamres and- temperatore' of the fireball approach theme of the ambient air
and a large-"asomir mrclrulailon is osatablihed. Air and soil partOiN rime front
diretly Welow the cloud in a narrow visible stem or chimney, and the sur-
omudin Jar inm utrainedae aw'lswII length afl-I stem. This rising

mAtAMI flaws MWnto hebottlom centeor of Uth clouO, and th omunlrourrent sir
flow, aLround thope riphiery-of the cloud, is downward, The oboe rvale aft.9qt,
OArpo ociaston IsM that t%. rmass If paIrticles apperars to flow out from the too3

Whe" the toroidal circuliatio mtatia a parstileo ior lI quid drop) in-
ftiecentrall regotof the loud noudd,-bycentrifual. force, be moved to the-

44uto pejripery 'of the cloudJ and O~wn be mnoqlcruWteddwnward at speeds
gr-ottcr thui the paruIelv- niormal fanl, veloctty, Wt "Wul theniw at Pf lower
"altitude tha the cloud"when Its termijnal (All velocity IS reached However4 r
evein It thiscomntriftuga not~on and movononst Wto lb exterior of the rising aloud
did -not, occur far 14P majority ni' Ilin pnortinicsk, they oovlid still foIl from lwowr
altitudes, by virtuc of the downwardl iirnluintolon around t2w periphery
of thep cloud, tham would ho caloulattil oni 11io lampl thot. gravity-pull P'lanc worn
overcoming the %raim rime-rote -of ft Visible aloud,

However, even with toroldal motion thes soparation 01 fiulloui
particles by their sty.; heasumse of gravity force. Is still a1 valid concept, The
smaller particle. will nai move outward byv centrifugal farces as far asl the
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lhrpir tinim in lil •i iI hidiiHon and t hpy roih Ii' 1wNwvjui haiv'k ij.oti)ttl 1hr ough Oiut
vioha1 Iti long lilt Ow V(lohIly of lit, IrIHIlK [I II .AINifI'I', lvnIy Inr11K.v To lIN,' Ilhl
coneupt|) In It n11111honlifivhill i+q tnl vnui~tturtfx it "•lohIMd el ttHIIInI(ingI• ho• upwoid

vu'ls'll ly €11 the ii' f l, i''oolly ho101w tit, vloh l, or i porltI, •-MlllIIude lhInct on for,
nt intihng nIho aipp• rent orIginl ofeplr iolom hiivlngi Ki gvn valuiet al' U,

Anuumption 7 and a fuw obiervid ditt WUIeLr ii III tol'iVo a parflvltu
Altitude funotion whomo uu given. I good rulir.ijunintiton of the input dlit on (ih(,
partal&l arrival tlmtie and particlo itvwA.o used in itm derivation, The bust
roproontatiton of tho daut It

(I • k, L) (4.40)

whara k, is 0,011 seao a, nd A,' is a ylold-depondent multiplhir whoeo ovohintloli
"by means of Asiumption 7 is dilscuued later, The obt.ined val-me of k, is
beltween (he valuen found for the v,,, and. zh time-dependent functions, P'or use Inhu ""'- u"" t
the iAllnl systetm, the lower about of --.- o-" 's Pw 'q-40 Is Assumed to y-
.bout 10 msoond mand the upoer limitabouI, 8 minute. The rat. of rise of the
-. p laye froni whioh the pPA1IIeOI. full, reprpmentod by the coordinate Y, to

1- , • k t(4.4 ) .... .

The particle xiee parnmumtor•v, for the particle group. falling from
the apparent altltutdo, a, Am defined the ratio vw/v/, tu obuianad from the
combiniation of .Hlq 4517, 4.,a 8r•4•00, and 4.42, and is

(4.48)

whore vo And w. are the conetant. of Eqm, 43•3 -and 4,10.0

In the funotion@ for the simplifled fallout "liln•-NYstem., the standard
oondltiona ndoptod are tphat , ii 5000 to 60,000 feot and that vw Ia 15 mph or
92 feot/Neoond Por theme condltionh vvvoikm Is 1000 foet and vwwo/ko in 0,020.
In cauw. whra. K,, and v. aru Kruater than 50,000 foot, theoe paramoterm aro
1100 foet and 0,03A, iopipet.ivelyI whi'v nppl'opril,, they Rye RubstitutarI for
the utandard values in making computatlons,

2i



p(it ni vaun IN' di to'rn uihInindfo

kA (III (I ,in 900) Ing x "I'l) I r)) -rM

2, (13(rimh~I0 IO .~)

-~ii V 1900) a (a____ a 190(0) -l~ 1

2.33(mK+ 0 0O0) + -oi 0.O2Z0) (44J

Tho pnrtlolp group nrriving nt-the diotanoo X froin the ornler of Cho
atomn, (u1 under Cthe somo rang" or. altitutlos and whid spr'od am- IIn WJIN, ('44 and _

I 1 45, ('on ho eAstimattod from'

(X 1 1900) F%"h0F ~3~X4

Thiheigh~t frmor whiah tho group falls Ino

+ O -'001*1X (X 4. 1900)(4)
0,0409

(F1ort onItudom grc;#Wr than fl110400.-Ibe -aonstants 0,0816 aind 0,0408 an' fb1.1m) Oid
0t.0110,flI opetitl Vly )

Becauuse 11ho equationi FoCm~i lid om~--r noi Wut oxivet i 'PJtIy (In
terms of tho equation uonusanta and X, it is ulrnplfr to obtain ln~m 11 lnoi, I I's
Kronphto Illy qompoting a, a nd (I fit xelnctved values or P,, ofilculothin X from
..,NqqC4lifi and thtin I)Iotting the two valups or 'Vv as- i funtilon of-X

Minoo the atomi Falout icraling nystomn has been simplifituic to doouignitte

horiliontnl plane at. n given value of a, It Is convenient to defint- tho activity pon-
oontrotlon of eachi group, In terms of the number -of flasiohil per 6nilt Vrmpa-

rectionni orpit (if the aleni, tF this onnoohint"lon Is rleulgnfli-Oi am As.thenthom
WWI ni ativity canrriedl by Oavh group Is

A,( 1-(o A4(4tM



tflimnInvvI X, Is4 gkitin by filE'~it, oim IIlit, A,, frvinfi ,11111 lIII~'

* A~~drv(4.49)
fmi

Tlhe prriciotu rv~ 1'60 (utimninilg .Afor olm .utii rul~ In v~I(ft ially dllt
F aIIPn thntt for eptimnting A, fMr alouil fallout., TIhe met~hod lo lime (~i n tho

IuMO of olirvla orId qtf timatod 'valuas of A, givenu -_ o functilon of X, to delvirnilne
by muceposive approximittlonm A0 as ai funution ofo, The TIrOt 41p~r "1IIntt, 11%
obtfilned by onlaulating an avorigo value of _Ar, for the voluo of ry 4t, onoh (if n

- uriux of maluialod valtlx (if V Ajonic t. nenter offth potiies'n (,v' 0)ý hty upe -fd

A,
A at (4,ri0)

The -approprinto vailues of amln 01 Cl' (y ~ A,, for if givenylulOl ( V
- fro~~~`0M a plot of wonh with the (towflild~alo ", I od -

4.3.4 Mothndu-uv-iatimitt g4lit-Dynar m nf tho ji~l~ I I 1q:v 1t Hno

The tnime of fallout Rrvival 1,tin'w9or fallout gosemationn rato of'
depooll ion during fillicut; Vatilatlon or tle. dome-ratu anid ofinta du uring

*the fa~llout pe-rind, can all 1e antimawed by ia. orfh lbsimplifted foil nut- scpiang
- cyteniAnuni~Jon aft 1t!ta 11lueM with-the a-verage fNll ratcwi from difforti-

Itltitude. will give the "Kricle mize rang..p thitt fall at any location.
'rho amumunption of R uniform dieriIati In h lu i i partial~fl

'MOW a-given value of " pft~~leo-thlWalt~he-10Mion-X-,-y, tef u-arhla _

of the aRriving group foll front the height of the hoitorn bound~ry of the alinudl
lip and that the patrtialo. (or sactivity) from eatch ro group will naoaumulate on chi'-
$round at a vansnutani We until the tolo once falling from the height of the lop
bviunditry of tho aloud h. lifrrlve,

NIPo ii ennatant value of tile wInad spreod or w In( V14lodily VIIalOt' fro
oloud to ground,

(1'

___________2 0_____________ _______



it' 01111 Iiv' 111111, of [I .0 ill. , for (iv. lot h ~iv u g 1vo.'i 1wý

who ru

h ~(4,fl:1)

anti aw timu ii uuKmntgfon, i Vr.), Or thuj Wroup ini Iivon by

lip uh+ no (4I fl)

In then@ uquations~i, aim the posattio, or la rgoost, valuti of A , nod s&,
IN the nagativo, or smiallustj value of the intertidpis of thu Particle group

_ __ -_ __ trid"wtui'y will tho aloud boundary. The Interceptaare given by _

Thu timo period. over which the group arrivem IN

Vim

111nou thu, total amount of pertialee or activity par unit arga tha t
atirivom at X, yIN givon by Am 4(v), the rake of arrival of tho group im givuti Oy

vA 4)(.~)
A3(rv)/M



IIII-tilo"Ntil't~ tIll'Milm(I) t l ov(t' ll) I 'll) 11I lilbyHlo i lmingu~ Ithu' uufti'r idii ,11i m for

ulill 1110 KoIIII Rrubupu I11 III r vgIit KIVVIl t4m v Thim uwumi Im M lv'im by

TheO (0mIiI ) and1 (61"011,) viiuom tirt' oit~n lnud from, n pint.of t. v ind t,'(r') l im
in fun~tlnn (if oý The lntogrintlon Indiontod b~y uq. 4 .0(- c~ii huo tnrrtud oldt
gritphlonnly fronm o plot of .4, ( ')/At((Y) am n function of fv.

'The grass motivity, or number of radlenuflye lonamu pvi, unit afit'i,ý
n miumultitud-uoi thu grut-Vliy the tir-u -ftfrst piirtialum mrrimolu glvoi

(AkO A01 dt(4d)

__ur ~it'o 1) Is I-i te Lilo of arrival of the firmt groupt Wiun t In, to of thu l1ut
Irutul! to a rrivu, Sq 4.01 j# aquul Lat tho A, of CO. 4.0,F'r oluosein loomilntiom,
N -Iiinutuq mluoud be addod Lu those tinium to mocount for the cloud-forhirntion,
Iliniti,

/ Thu'tlmeat d nrival 'of @Hallt Pmtiol. group fa I IIng f rom tho 1111111
- ltltud'us at a Riven downwind laolaton Au the suin of its riuu ttmb mild filli Unimo
Thu -P-W Tim. -f ofa~h giup may he witimitifl'olm A Oombinmtionrof Wqm~ 4141I
4.4wand 4.40 Whichlai _

i, m 09 [ltM(ft + 0 040) Ing(19001/n,, 00 0O)j M (4,111) -

JWhenli rutihn l~oscodan the ti~ma raquli'sI for the gImoup to fall to Mill
ground Is

or,, with Nq. 4,411, the ti1mvof ft all under tho Nme.o aonditionm of wInd epood and.
-hulghtpf origin aui~ni9q. 4.6 1* I

I, (M Ot' o.0,V 1900) '( )
4 0,. 7i0XT)



agl4~~not tlia timv of arrival nfciv thc gWfroup ax gilvim by 1, 1 '1,1, h ro to ofI
ariro(f IN- n groulpa, jf fd(~flvtlt, vat be dItUrmlmled 11or vairiou. timeal by

ltaking m~lome from the ourve, The delay tim~e flue in pitrtivlO oirvoittion, an In
(liMuumeUd Inl (Chapei 4, would intrnane the arrival Clivmo givan by t,. 4

1,1f titmtirntln of tanzaaLign Itaij and S Agm0m gRanJgg

niOrdor InvtiffixttwN the atir lonhnation'ratte and vii onurP doug0 fromi
A. 6~,ith a onnvorstinn Crron fluulnoI per' unit Arem-ta r/hr anWi's dootay Ourve
for tho groma rckioaoik'c mixture are netoded, The eannvorsion facitor from
flaminno/oqAf in r/hr In defined hy

____ - and

K;)+ i (t)](A7

in which 1,,.( t) to th o air loiilyttloti ,ate par 11inn/ft at I3 foot above an Infinite
Wdeat P1Mm for a unhiform, distrlbutian of thoi normal finalon product nmixt~it'.
l, (t) Ii QI nae 11R00 tuifT1 for ftsulronll nducd npitiv~tles, r, (t) (a the gtoon fissioni

the tol 110atanahio nciber-4 to1.o torkin 0is -Am
Instrument response factor, atl tIni t~he tiime after finniem The true air
l~oninat-ion rato, 1: (to iObtained whili T) toiset squid tip iri..

__ __ ince mi-tfallmlt data hnve boond cor racotd to, a-Ptnlardim 1.hmi -tif

14 + I hr and reporteir In valmon Am of this tirme (even though the fallout ha'd hot
yet. arrivod at, I hour), li1 In vovenleiii In reflor to them onrmonmmtims datat In r/hr
hy means oi a dleaky vorrcution fartor, d(l,i), deffilad hy

22 3



~YIII i111,Ifill,) N liii I 111111 f-111 1. Itl tu i' vit' i d i'tt III ! It IiiI4 'I 1(l Ililuu

lirrival IN

I',(

whorn t and tr oar to arrivol ond beoauntin Qints. rrap~l~vuoIy, for nil**valWon
of a rriving tat X, 1~untloh 4.71 onn- 1v' ituiogt'tod fronm n-plnt of 1:(t) An a

hivl"00- of tIwits,

Mo arder to (INI~npiIE the (101( rato cuontrihution from thes notivity _

Ina the motr am It falls, the air co~wcuntratiotia of A~ll tIAt_ partici Kroup.f NAr
naooit'd 111nor a unlfornw volurmAtIMM)NAtion ofl-hoi p414kile groups wia auuutn"(
and a mingle a Vnu001 for the wind xptslid was lakoni, the un'totno pa-ti lom
for "Itch valn -of v romainn thts PmuwMr oil niatit-Irp inid o i ~ii Won liy At,.

~I~~umviit'u~4~ui nmn~h 1umetzv" thi* air innluvuutfnn rnit,'N
1taro ' l.10'Inld~i' M pirtor lo16 n~ o 0 cirnril-Iuiintiii vnlutnt u.nhialtuing at-

In whuhul A,1 0 VIP i ewtivtlhy In 4I0/movt per (141110n at thil tiftle, V, ~lor' (11100114

At nl givtkn 111Th', A, mtod 1,4 NAre unnitant, on th"I 11h11 ennudrlIuil'lnll
1mmft the' Partiviv groupsa o rill (I 1vmutue arriv~itiig At a givifin tlme nn N, Rumnm.1
ON fin thi' V'ROus (11, tlr ppnoil4'uI .nuiii rirt1, Multtplivntilot by Of, appropriate
valor', of A, nnii %I for th 1W uu'nmituvd tinu will nt-4vvfrl the' mum, to r/hr, Tho
muni foir 01(lifi fro dowii ifulhifnuclifi 1i 9I o byIVIIht

(I~~~~~~~~ I qlvI(-A i iAttU7:1



Vum. 'ul-A, andNvLiull) ~ lit, doly- from the dail ~ilf Polle ii A 111911ib BIl 11g

plillrI klimi lyinK011 fromi(ii Ol wum~ 00I~tlodum In owv sionv I"m for tihumt rem" iomml
0i tmitim, u1xvopitIli at thu valuim of A(( li Sq. 4 .7i mumlN Im vmi~onitivifiunm

A -... 1, d (4.74

wilBII' V1 vwv, I. In Eq,4,.74, thuo Y, app~lick IAIi( oh g' -ougl. iiervn l'IItI I 111w
tI~Univ As ivuB1 by rwip 4,011 nnd 4,04. Thu lunlastion ruitv Its sIVtlyt dlioutiv I j
MI. 4.72I hummoN~ thu mimplmu Au~ni. fallout Bmuhlfin myntun) glvn only nitf I, iit-1ir1-
isQIz gr'OUI aN iarrilyln AI it jItven irnotnt.
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Chapter 3

CORRtELATION OF NOAAINO MODEL PARAMETERN WITH
ORSERVOD FALLOUT PATTElN FIEATURINS

1, 1 Oapg elgnhitj.Qn LOftl0 AUIrm jdjrga gM
Althoulh obmerved data on fallout patterns from land aurfaoe ehote of

varioue yields are very meagero the prooamottddata give. Indioatlon in a quail-I
ttaive way'of a number of pearletmnt oharaoterlatiam, For oxathple, the general
shape of the fallout standard intenmity oontourm '1a rihr at- -1 hi) from shote swhere the wind xtruoturee were rather slmple, reeamblpi a shadow of the m

room cloud and it.s tam- on the ground,

*-Because of the shortage of reliable data on -the-falloait patterns- from land_
S_-- -- surface detanAtions, any. sysetematic method-for scaling• fallout patterns --1 _,
- ~mothods for Interpolating Rnd/or extraplolating( data from on# weapon yiuld to

another--muat take full advantage of all much apparently persmistent qualitative

oharaateriutioa of the available patterns. In devising methods that aan aonvert
the qualitative characterimtlom to quantltative ones, the meth9dm must, of oourse, ]
be coapable of at least reproduolng the obmerved data that w* used In obtaining] the origjinal scaling( relationohipa, whichswe given its fundtionm of, wopon yield,

osome of the apparently persiatent charaateristlca of the fallout patterns
from surface detonation. ar s.

_1. In-the region near ground nero, theinthanltY Iradlont in the upwind
and oromowlnd direotong i"nvery: atsteep

S- [I ..

1 . The high intensitie neir ground •aero appear an anfintensity ridge
(rather than am a ciroular peak) displaced in the dowlnwind direction

3. The length of thin high Intenslty ridgoiippuar6 to be proportional to

the width of tho low:r portion of the wtom

4, The peak intensity of, the ridge increases with yield In the I--to
1,-KT yield rang. and dearsame- in the 100-o r to 10-MT yieldJ range

Ii, ~

•3IJ



I ('l(Nity 11,11 111,W11lfli ilid tlit)MmwIIl~di(Li~tallvful(J giom 1IIid vg0t'f, fro~m
grM il IIIJohICof' 1 ,1Vt U clh( t1IiL, Im 0hd t110 o th U'U f r (1i, (a '" k .hiiir 1 I
tho rtdmu poaikk hl-vnity, I ty Im it o~in~unolInt Li ~vm [I Ouhl Ylkld, n X il

I ~tho upwind andt/or 4JromnwIId diol~anao tiloni tho upwind Rhouldor or

T i ho cIontnuvu dowinwind from ground tL1'0 Jppotit' to ho imridlul to

'1. At distancaau grutitotw' th'Ln the longtli otIL.ho ridge, the intenalty cion-
tour. direvtly dlownwind duoarunueu with ,dlotanuo Nrom ground yevo

8. At moms. clitntanu downWIn~d (or pjuvhapr, even upwind for very large
y~im) helw-auo naniy-oto ACnout and the intonmitla.

dircily ownwnd rom rovid mo ri.4ohairply with-distanoo And

P. Thti ditancei frmground wiov to thim-4ownwind peak. Intentnmty

10, The mnagnitude of the poak, Intonx Ity n1lfý appoixr, to inaonsae von-I fttnuuuuly wUit Yield'
11. Thu diptanae bistween the lowev*Yal uezvri cntourm appoarm to be -related

to the width cif the oloud (not. oonoldoring wind sheat' diffuronouu) andjilJ lhs mnaxtimum width seems to ocaur farthe~r downwi~nd than the peak
Intensity

12, Tho vait~ltlon of Lhe tIntunoity with downwind disttance from N thi oter
P nttirn poats oan be approxim~ated withtin reasonable lirnito of st'ror
tf tho w~ll mhetn' is not- litigoby itfunbilum-of the form 1Io2,

-WlwvPO In til th-ppak, nintumlIty, in li Otylolld clopendent 1roainotut,

anIxI thi fhonrup ti tmid rani tho piunk,
'rho ntne hixtoed fotlout pte'-hnnurIto are Wooed an K comlination

of exporimtnienul nlmratn ot i~naIym-on fiold toot data. The moot relliable

Iftý,ru iimit otoenmae ,n4 ,7 ,ad9

2j1



2 (~q~n~'n uI i~tid oji It, Whioh 1k hM oUrvo 1 oillI Appt~y

YIP1 d (11 1 ), IM(101fitIK 0-H~ 11aM IIE'III 011114~ti l'll4 jl~iw lit,*4 on hy It 2118 [0 gitve the
appirolpr il hl vli kmn (It'1, !x 1) 1Ii. t'omil~Itng pol' hollif Ali 1 houIr.

AhlilfOw t,hiI (1) voltiom (orI m~ndird IWII(ntnflimtim 1PM) I!OI,11MllIIIiI to rodillo
m04111UP0111n10it NIrilkn Ill. luroo o.vL '~ ogorndodopti 0 mm ronii 01mintiod with
I'lIloult its It nCIMI'tfit Wlinui Ill h oao rni(~I omCCI 9 WII wor lfidon, Th hru oreonv radilnv
instrumufInt for din I m(1) valtimi Ii tho AN /PllR-111('V 1 ) piortabih v rdlnvw 11 hho
a gocomol~riv and phaton onorjgy rtimponso of vory nonrly 711 pporwnt of tho I ruei
Mir tonivianton mbatoil thrtba fool, ambove a pinno. mu~or~ni of fission produalm uniformly
listributed an the nrell. Thor. ora Iln otin thu tiivu Plr lnInitlnon, in, onivuln~tIng
eMX001tl1ro rIOM(1N1 Lho -1 (1) vnluE. lijoul~d Iip -mtiltipd Iby ilfl

Tho'nvorimg vatueo f Cho terrain AhhuiiIding fnatitr, which Is nuilmatlaaliY
a.I~ntainod W-Chlo mouirva dntn, Is libmbt 017n1, Thtu d A WAtIA arntlrw1, ilpy t--r~

SisOn, COr W111011 1,hV Ifo, 4) Or Eq.ý 4,0.7 114 0010Jx( 1"r/Iw at I hr per fiuulon/
sq ft. The v AIuv of I j (t) fr rthe IndicawtedInduced uact~iviiv to', i.1046'W1' v/1
tit I hr per~flomiouI ifqtv Withthnso atnuihos, Sq. I.I Cl iciornus

.(1) qx )in 3,M 0 1 r/hr st IIhr

The nuneiurlal oft~oi n~I~1~ i A/h tit I hr -per. KT/sq At4nd 1900 tp .
r/hr at I hr p"r KT/mq, milI pw n- v or, rk 4(1),11 Oista Includled In the aibervad-
damta to somo c dZogrea P;Itwihow mubIh is unknown 11"Unmisa meot qf-theee ditta Wv-ral-
doo iy cor rooted to HI+1 by aI ainle1 dev.y curve. The emot vallue arnd despend-
once ofr 1' (1) on dimtanvo to. nof nOes4 fov devolqvik$4wh sonli~ng ttndltfons sinan -

It Is unnuasuuiiry'to AmapLirnie thoe 0produot K~1ýA )Aj In~ thu -derivations, An avoraga
- vuiuv oh-1'- (1) is dsffitod-at iho -and of 61mi saution to haoount for the fmactton of

the tot al tIvIty produced t.hai t MIN withip-la gIven haRuon thb groUnd,

Tho avorngo Mi. fl~d ,r theasourcan dtlnq uu'nI, was hcitwomn 12 and
-111 mplh. -T1, may I l5~le'~h~itr.thull the autaIlng riffctionu o,c arpot' im
atverage or offeativo wind hiNod, of'111ý mph.



JI Mo IhIM 441 UtiW 111' Iii11011 PiW~L l''IIIUP III 11.1111i'Ht

s4oiit of, Chon pf111vIi~'viiflhlurroN ofi h11li'voMI, 10m iO~w flowiwiiil iiX4n (y 0)
of, Ow 1411of0y11 0tfi11 1 )1111of plor orv Io w itO Ill ri"4111' 0.1 am n e'hI mot iiif t I I iiIty
iii'rl'h llo, IIIbohr'N mho1w1 Ill tho fipr UI 1'rom PPIpoIlid lo) thol IlIimhor M11hNV 1,1111H.
Of Choi mulI igH I'ullioUI 014 T'll' If] 011 1( IIIIIvl aviln 1fu4 uiou t.bm for, hl;ivN mid4 (itho' t
(pilulitil1114 141,1 giIvt'iI Ill SovtIoii [wk~ 'fhv prooovoiM1,1 11 limiuud tNioflhjtt0 tIlrin Ill

01,I11111111K Ih,: o lmmoriho I ve 1(4iduo'nro (Co~ortibihlo iw.

ThIm rdu ici (In mmurud to romwlt from, Cho dopamil~ol of 1u rtlc1,10i1i
1`1~ 410 Mm 1 II.II1d(1M Ilounhlmo (1) more cinto tw o avolIloblo on tiltr I'iloill
dipumitorl ill thu ) dut-Ilty Of gfrld-illo u-t~r~vhn ht~-h~fr~~

gocomttrv ('001( nol, ho uttillmod Ini n oirmight.'~bwimim monnnu to ropradoatw tilt'-_
olmo r vr'r hntoim~I1miti upwinld from gV1111 rouuuu Cur ho M011 It l oig t 111I-1h f0P -' X
tho upwind( (IINtnnoom, 1 Cho I r/hr nt t li r IntonN ity, WliN (10, ved dl moutl flrom

Atvrt'flhing 10 ot'ei'mvltloii Iil Hootlon (1.4.1 Colwp(iihink 1toililty 1111111

I.ot I 144 Im y'Ioid-tItIliandmi 1, parm nala ovauaoitou ('IJI~VIUVi Ily 1i'oi 14011 ilovolI

61111ti, TlV' H 0411w (itnm ' llr Ii utnnOld by Xm In fill dINlsiIUla to thv upWindl NIhoufor Ill'
1,h1 1 itouul~ity.. oigol t.hiN locultton genortilly dooum not clotnuldo WIh Clin(ht of Pill
v rlI1tv r i C X 0.

1111vc I1111011 of tilt, InloitollY rl~dg41 1 X , , IN 11Nuflh'iol-to ha aqiiiu I
to Illho filnmoto'r ol, Ohw mcom, n ,to r Cho pitrtlv Ii porupw Co ll nglire' hm nI 011111111
h1140 t O~I('IIItitldov v,, ()nv fpo-W i bomplnnntiton tar Cthi ,'Aflimhn ~on -of fliv
I IIIoli i ty vilrtp I" 1,1th1ii. larg~o nunih~r ill' I'aI but. pilrL hoit hlivi Ini n piflioull
m ii r' v'ow NIMI)PM (I ' lMfol rCnion H gvon me m oil rim noro al-i I iut lm u M r Cho It In olml
ripo 4mON M1114iO dl on froniIm Ch rov~nd biounumv n Imic lIO k 'hngo Ili Cho Intovi'intb
u IromL In Hllo omm lovrtiorrd. ('i'( nnlu'l of toruiolifi motlan, tar 0441 implo miIhbl

!OIllt Illtit I'uipilt oJoutlon of t~w lint'r Imriitlem Ilin m hort porlodI of'I 1110,
Tho 11(1tdII110~I~ or o"loctionl of it rnlthill, eurp In; mhor of, hIMý partivitim umiatl I 1444~
('0lttli'vido.wth 1,11v 11mv1 It tikoum Chio Irhivgm piirtivatobo rla n 101141 po0)mm thrmli~hI
tilt' 1,i1r[0I rit 11)[111 prior1 to hIII11m 1M itIiI on to tilt porlhur'n I rogilonm
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nrtwno vvaluatiton. at v, nriaumv that at Y., the .gagll upward lam'i
Is acUng on the partioles matygo higher than N.0,00 f(Jlo as Is noting on_
Vhoo that (all back f'rom lower a!i~l-tude. In a general way, (he equation constant
for. the higher aftit•dos should not appty to yields Eor which Y itself Is leam thuill
.50,O00 Eket., Por the empirdcal•y-evalustde connlantis, the yields for which thlr

".igh-ultlttlWe -luatilons apply it actually near in' -KT. The upper limit of xe
Iil is A-b), This I.lmitk Is exceeodd (or yiolds less than ihOut 8-or O-Kit ihorelore,

Wo UtIW lower yields. zk, Is rtapla4*dl by (h-h).
- -"" ... Isi•utmatiK the change In the relationship iitwont, I,,j,. X a, nd

X1 with change &n wind speed, k gI assumed to remain conatant. 'This moans
I. ,t- Uitl to Intnsilty loyls in tue upwind and roasawtnd diroot,lons Inoronae or do-

"* * I ctehh* with If,, as the wOid sped deeroammo or ineroase, in he modul for
f(slooS from stem altitde, only one psytlolo-asio group is deosrlb•d am railig
from a giv"n akilwte.

. 1b6 inverme of the (•Ill velooity oft hi' g-_p, from Eqs. 4,3A and
4.43, is

"6.4 4-9,9.7 x 10"au 1v f...m..ithe. (3.10)

"The dowind diatIee ats which tho particle group fall e gler oOtp of the -- r-

atmtoinlduftnviiby

/X vvf a a.. (3.11,)

.whew, • W te m radius at a, as given by 9q. 4,81, and ,, 'I the wind
spoed. by !lulattog the values of 1/vt, X, and a a for a sorios of electe0d
valwue ofv, ills possible to construct a plot of the maximum and minimum
values of I/v. agpaist X for a selected wind volooll, When thin is dono, the
*tf vhtf of I /%v appr(cb a ventral value as the wind speed increunes and
ditvrge as the wind speed dee'reanes.

Ir the Iodltiun 'X1 a at the oonlor of the downwind intensity ridge is
selected as the location at which the varlat.lon of ! aI with wind speed It to be
kslrimsa(rd, anwl it It is amsumed that an avorage val-ue of the ne lidly per unit
volum• can be assnelpd to a cent ral partiWle rol uji, then La (Min 1v ,utimuted

It; _ _ _~• _ _ _
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whern Tj Is th4o aIvelrgo veiloo of Cho~ vontiontrlont, In 'laiaonoa Por ('U ft I~ KAI)
In ni conttant for vonovnrmon to rllhr init I. hr, R 0 ý,P tho onittiturh of origin of' Cho
lorgent ptertit-le at-mr group nrriving at Xe, and v. PlW tuifin no~ the o hioiil
nititudo 1from which partilole fail att XV 11 !In tho yie'Ie rainge of From 100 to
flO,000 KT, ond for wind apopiels from AJ to H)f mph, the dniponderwoe of' is v r,
or on wind apdod enn be repvrtuented by

whore a Y,10 ifid rer yield-ciopondent ptrnmotorm, The voluon or thoso two
ParnMotora 16d tI It durivad vnipas of K3g o()A re given In 1'nhibe nA at
several values of weapon yolid. In maktng Uto viilouietlnn, XpO1, Oiaotirnnited-
from

V - y - f

Thus X1  vniri*oa directly with wind upand, 1 n N iic in equal to v,/vP.A whorv
V1,1 is NhO fail .vniouity of the ventral pnrticle-si-Aa group Ihnt. orrivem flt X

The sealing oysteom described above In donigood io ropiruorol u gh PUN1-
ly, by meaons of tha assumoed pprtiolo aourue goompiry, (1)-thn fail hohavinr of
a*lo piv , nrti'oale-pe gqroup, andt (9) the vnriation In uirm-Pproad or tho 'group tnn
a function of wind oppodr nod iknnpen yield, Thim generml npipron.h IN reptentod
for other fallout pnttle n features In the following Nov'Ilonni

The variation or xq ond X3, with wind apood Is onullnitod b~y
multiplying -ng . by v~/fi / a0 . in I nasumed to bev independant of wInd. The
indioated change of X1-with wind upood, from the' imptinuiption (if H vonminntfl

IsS

where 1, 4 I given by lvq. t, 12, For Xp computed for tho 111100 voiw' of' v, Am
1ptho vaiuo tifXI in Kiq, 1.1nlis fort,, ~ I r/hr nt I hr.



I'QU ATION PAIl AM i;'r M VA I UI':H IPOil '11I111 VARIATIOCN ()r am wVI'i
WITNDF11"FEDI 1 AND) I11,141V11:11 VALUE IrIP~ KWi' J I ý A

W K~g o,ft(l)X1  IC 0,11(1) Al 1 .11

11001 1.,200 -MR 23.0 9(W,000
2 00 121700 -0,78 15.9 It10,0(1(

1500 13,400 -OM7 6.3) '113,000
11,000 13,800 -0,765 5.60 70,700

21000 13001)0 -07 3.04 54,600I51000 1,000 -0.75 oleo 80,400
10-1,000 1581800 4,.74 JWII 26,500
30,000 18,100 -0.71 1.86 16,900
50,000 %160 -0.60't, O.0'S 10,300

a. Wind spead In m ph..

The ptrviloles-iue group claxignhdr, ai 4 for jOmr~clen fuhiIngit t X(4
is ansignsrt to the group thgt origioatod from the oanter nt the atom, This grioup,
trom-q., 4.46 Im oepsifiad by

(K w 900) + .411116~ P5.16

and, given the yield -depmndonceo f cv. 41 X4 ban ho oatimaotd from

Q*M 90 (B. 17)

If 4, givon by X4/64 , to greater thanl 50,000 raft, the liclioato6d
equation connitAnto nre reriiaued by thome prnylllriuxly given for the highor nltitudc'N,



For) wI a d ljoplivid othin I- HIII IN 1111111,X4 !L ti !111ýil IVy pi'riiIi~ If)
tho win mpood i~tUtof t O i M1~o1 thlolY of th (''i~tui piwl.vt 'Io-i im' grloup ImJ doN igniod ~i

The Yorintion. of th fakMlaon rnot At X4 dutn'to the' orrowing (it the pirtiivto
al~m with wind mpod IN AI'NI hY

whore AY. im tha mpanIn tiltaituflo from which thoi porticho1N ful1l to X,1 'flIv
vnitip of 4Y, im givvui 1y,

(VI Vi jWlIi11- r~J)

In whillh v f~ n nd YOPOr the rtioptutltov(Viilucix of tho t~rgoit ri nd aniiiitowt por-
Nil~ fair ef for tho groupm Mint nurfvonot X". Thei . A~i dotnrninou

byiamethodt dencriberl for eathmnihnti thvrnt~. 'Nwth windi oupirod
Cnicullmtiona of Aa4 for yilods from 500 to 110,000 KT, and for' wind apoods from
nl to nlo rph, give

K, Av4 172. nW 0.0 4 6 /YW

A mo, It wom (Int(¶firmInud thatt

no that, no might IMI 11(pnoctod1 , 11,1 ha1VOIOaly proportloant tq whihdipood fnnil

114 Wihvtn b~y

for V, 111 1111111 'Ph 10 rirM11lt 00(11 I%, hr'c001IMM I'. th MIIJIi1 IJh-ifIlti~ffi'-fI 1' 011111 1'h fr
the 10 CtI~ii~ IITIVI0IIa X. IM VV '11y 11(11 'r~W,

a m



'iIrl ht, 1F.-v,'idth oflMill MUh'nt fa oiti 1ii tim iglin ted Y I, I thi lt( ' i
(11IM.Hn1Uii'n 1w 11,01111 m tho voln-iotte to Aitomtttfrfl (y -1 (1) to tho I r/h r itt I lit
tjontour, IkivetUNnO of tho Keoflitry tilad forthe 110tern, whmor tho dinimatu' (it
the uipper portion of the Atom hiconii puportioni Oin I the 1.11loudl diftnmotot, htil
rati~o Y'/ft IN flhsmu(Id to vary uniformily with yolel( novordin g to it fwuntion of
tho formi conutont times W", Tho conatmita woro evvnhmted tompirlondly from

For wI'uI apieeda Otber than tn mph, tho 0/hr'nt I hr oontour. may
he oaitimatod from

., -log 1il

where YIN is the haif-width and 3 in the ridgaviuitanalty for tho ID~ mph wind
uposda This rellitionship nomuman'that the loperithn~ia slope from tha intolisity
ridge In tho y, or oroms -wind, dirootion IsinWipenden'tt of winduppocl. Thu
logmwithmitu x~rih, iind I%, aesmound-oonmantr for a gt iel -of datonation,
insultsit. In -itiliht Ir(iU01,lOO Inr the, frntw-ton of tho-total Wcivity i id, Is fatiotuntod-
for-in the atom pattern with inueraning wind voloofty, minac the decronso Iin tho
totAl notivity that in due to the dooreuas In Ill p with wind spood Is not quite --

compan~ontod Cor by the increans Iin the dietanee k X-1

An additional oontr~iu4tink, filctor io tho negllet of-any spread III
Xg- X, with wind speed, Theoaver-all orror in tho areas onolosod hy, given Vont-

-touirs, or In tho total) activity in n patitern, by thin imifid utnit of the
varatin-o Y.With wind speeod, however, io not lalroia the error should douronme

withl yield oinaotheit froctian of the tutni 'nativity In tho follout pMiturn thlit~vomns
from Uten altitudes (nouording to the uonling iystom)-daeto ith inronsing -_

weapn yild.Tho shape of tho no-called ground itora circular contours-should
tond to Th~tt~n on thar sfIides tand thle indum should douronso@ toward the value Of

ýY, no the wind speed inrno'nuox.

Tho hunki owtimuuptlan Iin tho avaling of. thu clouti fallout patterut
*f itturva Is Mittl the distention from grounid Apre o Iivarou'u points Iin thll iettornn
i ½aprt x.nn'I rprtfha to the 1w ighL or thu IMM intir e laud sourw ~umgoult ry.
The aicuont amasumptiomi is that nil vnnmntiona frnomt it direat proportionality' to
clouri hoigiut for' Iriongular scatling of (ixintttlIIl, for (wtimple.ii itvolves it grod~uali



oihnnge', WVilli Wonpfl~l y~ofdi In thil plricitlo "Ia grnnpui th11,t 11irrivo 11 iii ioil~tonn

'1'lo liMI1uauiii(t f'orm: of tho gturlfulki huhting of tho invon 1,I111ii -vu' hwlty
11tlu gi~ntA', (Vt. , IM (tý, W1, , Whom o (OI Oll 11 ltv~v 13i. Iiroj n 'nt ll Iio tv or
In tho vufntrtil aron of folluunt from ci loud altitudll, the Abo10 Rapi flMUlpt(ions rostiIlt

I n a nosoln ftinhlion giveon by,

X .60 x 10rIN n, W 48<1 M. 0H'I (ff)

01,

X 1.'601 x iw10 W0 164 cy W 2HKTVI to 10110(,,fi

wheam cv,, ithpatleu a. eignittor for particlesu falling along a line fromr
the ounerta"'of the cloud to X *iliuo -a IN CUqI~to X/11 The disatonas denigmitod
X6, X9 X4 ;tnd Xv rar son lad by us; of these funotions,

F~or locations underneath tho aolqgd and nour the upwind limit of the
fallotit from oloud Altitudom, the distancen Piro butter dcotrminod bhy c(vw-~berý -

G&Ustisshe peakt-vitlus of-An, (a)-tando-tv-ahl"ft-locwfirdas u-Xiiiuunrn. - ame MIllv
Thu locktion of Intareat In. this anuso is the upwind point of the 1 Onhr'at hr
Standitrd Intensity, designated-as Xii, The diutanoce-nonling function for hIN

fiO~O" 0. 4 0100 1  al ion

W I nA8K'1

0. 164- vin 0, A +

W *20, to 1.05 KT.1'

The monling function for cy" IN n iuumod to bo of tho formi, f~ W", F'or lowor
WORnvol y~flida, Xý i" hirgor thrniI~ili nt the yieldsd lind Wind 011clodm whort,
this ovaturp,,i1w vnriatlon (of Xý With yield Is givon bjy MKq 11,93 or 1,110,



A I 1.1i.Ui.fii'

I'143M thoO 1M .11i t 't6i~ 1111$ ti~lvoifl Ividu VII IIII I A, 1 11111 ho 11 luim l id 01 1111" ui

mi rliaIc VluN gomnpm mi n~orin A liv, wh ra tOw viuim niu Xol rv hI II Vu M111, Pi-I It
nivO t'igci vII In of' A ((rv f) I, U'itimu "mindllttunm i

'rho intop-M ito A , v )(Irv to thon givon by

whcivo A MIii 0tu11 oiiI iicitlvity In tilt) NIme 'ounits m n~A,, Aotually, thu Iatippoxl-
- nintci-intourii1 of AR (n )clev mity bci lpfiIt-i)Iudm Lio -w rc

(vIR al1 Y.T'i11111lt.11i o.lctd-mudrot h ulnud whiaru X
- ~In-mmnhltr thini the tiloud 'roitim.~

AltrmNg Cli vaui aiA dIV cn be eval~uaitud Crom I~q. 40 1I
In tm of' v,1, 1CI oo ovnot frhtl oflputt~ionto vinflk tl

lopkttlhmto term, by lippirlox~mntini niIa iflI (v rrom (',I

or

-. ~~~k (~'

*iiiii -- I

411



v r lit It on t4 i lt' t L ii rt lvli p liii' II laud r m u w i ll t w litp l it W jn If I or1% 11 I r li I It Ia It Iit (I",

ivalaumi ian (if' Aly ~ volul~t (' ii t' ( I aWl fr taInvi n 1 aMuII wtiluh fv 01 Im thki-n to ltin

I' O RV, it (fllfl

AladoditmithUmh ntInviacilon unc~ciftifth IOw¶ vltovtid illr lt'Itii (,hf 0i('tA) ti Mt

utvtluntrE'd In Mq. ul ~tby Using ON 1 roll ft mill 13041f.ir fa ttlt a1ttcM A 111, 11,1
funLtlon ofc fry r obt~lned whcon 611 Etuuitnlty X I/ (ti-b) I II miutmI I Itciitd fov auf II
iut'ovirlting Xi In IrtIN Ct"iut Xi Tha true vrlutcpi of t v lkt frt itt' runtmi wirmpan~ y ilvldl

Wev not ycut boo dict rritmrednc,

'With ths above l1-itanm alln1 liho o a-l-Ing ~qvi I Itiam tor iho Itoinaliffy

__-yl fli tihu Is di. vorI ounttonm i r

tI KI (1) -AaiQf laKu6 1v on/ hI

hu t'pt) 4-. W 1u~ (fy A 1 + n

ntil t i t tn~Ih dtv unc In to!tar 14 X/,hrr'u (t1,fj'~~f

i/t



The IVII rn "10i. I' R (10 )A, im I K, (I) )A ;q *p lIMMUMPOInt IV ah'panamlen
on only tho wMonpain yiII1 rifaid to liny" it v oleladopqtiarlviwe of' thm form a (Mifltaiti
ti mor W .h 'the elle. of Ihp win KoiMlwl on I ,Im ilfrh~rminod by 11w t'hnng.' In

lo~ ~ ftu~cn by 11 I ne rnm dorIil'Iinmf In (v with wind mp' i. whibI
logitervinned bytron, rmo o 111)1

jfr Imp.Te ,(v4 (v, /I ',r (lfl) mpht
for , Mmph.Thumom-ling ilunolovna of rr, with wea-pon yield welre evaluoatdfrmdt o presumned effeotivo wind sptoed of lflmph

- - mvaltng fiun~itionn Oiraebnteai baor could be umdtaoevaluate A
as a function of rAx am, well am far tbe appraslmmtltis that ar, given by, Nqe. 4.113
mod /or 4,0 .tQ. ate o lther set would requIre ai series of floomptltitiols 'Of A,
to obain a reasownably. good fit to tha ;Iftwrsl shape of the fallout pattern down-

777 _ wlttd intenmity pwofile mand to othor pattorn Iratres.27 ?
OntOtra fh'lea lb awnup wind MspedIM1C mph, For sen.of O t i ts 484A ed to
detsrnm*ae 2eali0% 6sattmn prnranwetsrm, the aneamum hall-width wee found to be

cterosswnd dstaneseo to Sim oaolritourr Iný U ~tiot.r~qv

ftist,4 Om~l laleral dts-pltwtv-wm4 of the partcl~es durt~ the rise of the ctndj

"4Msfla4M 6' candýiine wQ00 th tItuplav~em frompal iurIwntm-tod ltop ofist
berisental idistanc trvele~d inas Iupe riod'Tus ft *sn 4 Ter ~ ~he ifs muthedce

11H s00a00 dnuity of a,4M Mlvir gii. 06eu with in speed, becaus of Ut. tiwige
in he nge o te iiaCui tra~c~oy.l~u~efomi ove th f o sue cin~.~ v w ttheU

Ik ilMM14TeA eMl M s mW1AvAsW r lxIIf %inmaomwn ti fJ i"*tr
lf I~,4rC iftl oima j~q t-oIaui-alo MdfiaomI iehn144sw

ofh i lwfaIteoimWlleijn h alu atpeMM oue



In called the wind shear, Because of the difficulties in oorretinl fnilout-Imtt,urn
datA, and lwcausomiie of Chb avuilable data hove maximum pattorn-widtho rough-
ly proportional to tho oloud diameter• for ml',ut the ammo wind Ape" do, tht, toer
All offoot of The wind shenr is mamumed to be the same am for, that igrnup of datm,
The data, 4atlmhr with derived roetrictions on the frlatInn of the tARl mxativily
that In carried by fallout partiolee within K stated low intensity contuir, wort' in(41
to determine the varitione of Ym with weapon yield, The method used Is givvn
In flee0tion O,.,.

The variation of Yp with wind speed (far A glven wind direthion) if
determined relative to Yg for a wind speed of 15 mph, Tho representation for
this variation Is

Ya(VO) Ym11) 5(v,) (5,42)

in whtoh 11(vw) Is the ielative shear factor due to wind speed only,

"Th values nf 8(yw) determinned from the fallout sclaingi ayitim
paramoterm for different wind speed. are essentially Indopendent of yield, The

Indicated value of Y,(vy) Is for the partial. groups falling at the. downwind dis!7tancei the ssomtcated nnety noar, that passes througoh-.s.h|mtoetjon at

YO ivw), XO , to die ame as t~tat Xp for themnme wi d-mpee. --nhe tntensity
it the locationr it thus. I r/hrt I hr when the wind speed Is iS mph. Values of
8%) At several wind speeds, and the iaaend 1•itnultie, Are given in
Table A,,11.

Table 5,3

'UMMAY OP THE, RILATIVE WIND UP*tD SIHEAR FACITOR. •v),
FOR THE FALWI• T PATTERN MAXIMUM XHALF-WIDTH

MMD A8IP AT•l)l INT DAMD IONIIATION RATE,
FlOR 1IVERAL WIND M PSEDIS

- -W owed
-_(mph) v, ) (r/hrat I w

10 01,40 0,71
so 0,104 0.50
40 01M0

4e•o, do40,"



Th1' V11111,u ' ii YV tfri IIhI( I I/hr fit I hII untt ir 'iin iiho o'ti• IIIt'it(I

fromii

t''M i( Il

where 1h ond lo Pro the hteonsitiem tit X, ind X" (y • 0) for N Kiven vhlue tdo f,

5.11,7 AKMAIatmnd EDa • +m LIMMI+ WJ.bJ + LpLjjtL)"Ur

With the Nimpliftlo fallout sualing systam and the otytited downwind
intanotty profiln It In convenient to conatruct contours. by uing mismple Roometrlt
formom which approximnato to come doe;rc the true shapes of the contourm, mnd," • wW�!n reanonah_ ]hita, anaount for the fraction of the activity produced thni

faltl back to'eirth within their ara,•.

The-aoa-smod shape of the.. Intensity contouw-1 for I'llout ;from itom

atitudes is A partial circle having Its aenner at X, and an elliptical tiontour
about _the Intenity ridge whomi muior mxli in down the length of th9 ridg• and
whom. minor Axis ta oroueWtnd, The oiblrr of the ellipce il at-the intorscotion -

of the circle, centered about X, with the major axis of the allipse. Thu#, the
Argo within the I rihr at 1 hr contour (ini mph wind apeand) may ho approximated
by

'NA(1) 3, 3,l4(X )-(11-9 1, 571 Y, (i,)(X ZXs + X) (1),44)

This sppitoxlmition given an uniderestimate lof the enclosmd area be-
."oiu the ellipse It Actually centered at ia downwind dimtancs of X1 - X, at
t'. tpo!nt-the minor axni-of the hmfr-llipmellps tangent to tho circle, The error
in tho -arna oaUtiMate is larlgent ifor-the-lower-valued -oontourc and-for the larger
wea-on yields, The maximum underctimlate poscible, for yield. Ilcs than about
_oMT, Is I toe percent otf helotaf area, of thu tomfl 1Uen intour.Ied oNat-n
the auimued geometric whapnl the truf error InvoIved is unknown,

For the itam-fallout pattern, the area Within contourn other thm the
I r/hr at I hr contour oin •e ostimntud from the following, lfuntiuitina, Thas
are derivod from the dafinition .of the Ideolived thro•-dlmenaionml Intensity
surface, The functions nvei

NA .. 14 (X, X')' + 1. S7 Y, JX + X' • -x,) (3.451)

2 0



whamrn

X' X, (Z,40i)/kj,M) Ing (1j,1/1)(n4 )

x x,, 4. (X4 - XM )UK (10, 1/1) (L,47)

-InSY, (Z ,103/N O) Iong (1p j l,,)

and

I,303/ko Y./1og I|,," ,4)1

Where X' to the upwind distance between X and X • X Is the downwind
distance between X n And XijFfnd Y. st the oronnwind dittance for-the pon-

w Of +ittenamt•-l 1 fo•o vlt-luel Wtvwon 1. And-I,, Thv values. ofa r
and aJ are thoee for a wind speed of 15 mph,'

I The shapp of the I r'/hr At I r•-contour (15 mph wind -p"od) for fall-
I out from aloud altitudes ra described by the imooth 0o0n of two ollipmsn At X4,

~~ Y1 miad centered at the point Xg on the pattern venter line," Thfi-upwhid linif;-
ellipse for the 1 r/hr at I hr contour (16 mph wind speed) has a major oxid of
Yj and a minor axis of Xn-X ot the downwind half -ellipme hits sa mjor axis of

.X @-X j and a minor Axlm of Y1 . Thum the Area within this contour on be,, llstimatod from .

CA() 1- 1 Y4 0(I.) (X 0 Xn) . (550)

jFor other contours, hte areas can be estimated from

I • + CA(1) 1.7 Y IX , X0,) ( ,L)

S.. where

; t~(O( 1+ V) lai (1 /1) (,+

Itol ) (: It/I)
log (1, /10)



iind

I~ ~ (IN~ 0 111

Ing (I0 h r)

or

"X'j - Aj ) J,'M 'J'i
It'l (11 /10

In the above equatinno, Xt I. theo dintanco to tho intenmity I farther
downwind than Xv, X' Iithe downwind distanca betwoen X% and X¶, aid Y Is the
croma-wind distance. The variation of the diltantn. Y with inUhimity In ONIavu
Slatod from the asuumption that log I devreimes linearly with the diatanee
between the points (Xj,O) and (X.,YA,, lnd I i I, And It, roapoptivaly, at the
two- ,oatitona. The toti! i--lawm hi11 tni of The -iwei•,vagod t to r the 7A
Oem•#blit faillit fnrui Uoth, t Mi oloud oiltiudooa Is less than the gum ofr.
NAMt) and CA(I) when the two overlap, Tho joint ccnci of the aelliom mayo L

from XN toward X, am I Au inorivqed from It, PtF wind apiw|la other than
1' mph, Is AM I (at X, and Xj) are not t r/hr at I hr.

Thle octivity produced" by Nt d.otonllmln IR AbOut IM410". 1W Mlmlli
where W Iw tvhe total yield in XT sld It is the ratio of fission to total- y0ed1.
Samr fraction at thu total WfftivtY Is contained within the faMlUt ppll-Orn' If the
.. tlvtty in mpaox•m ,•r Imoinm-md over the fal lout *rem from t*i cnentral high in-
tO O i~owi to ii .tm... .. ud MI|itn.it-yn.|, u cnt nolor •n gotl- e n lar
aE ea, the fraction Avoo•nlod for incronmPoe with yield',' lonimotion toateSor• |fll t nl]pty mpm of a f•nalut pattern made In Whim way doca not account for thr

motivity dopomited on thi iround at lewer Intonlattlom than theoleiot•d "lowet"..
,oOntft, nor doom it anatont for the fralotion, arried away on veryt•aimNl partl-

4.a hi wold•-•ic•o fA•lout,--MT aiul or int•gration oflt.e activity oeer thO fnil-
out area can Ih used, however, to determine the fractimn of the activity that Is

mooI'lft~rA 'h"~ "AltIt pattawn, ou o-a iatoatl-law4ovvl contour. 7

Thin fr~aot~eit det tnod by

C(lKl) 1,4 X 101 H W 4 l(l1) dA (5,.5)

in whioh COI) is the true fraction of the number of fiaaions aecounted for, ndm
K4i)-is the avorar valua of the ratio ot r-/hr-at I hr to-th number of flfsion#
per unit Aral for all the activity within the Area, Ni. The -average or aacumu-
titodfrmationation number, for the radioactive elements acaunted foay, toy iw

24



d•ftnod through K(il) )IV

Wh•n th min ndalrd vmIu(fm of I), q., ky, (1) nnd k ' (1 fro m lI ,i, 1 mi, mulbm I-
Weli, thiq activity 1n,4gr,.! m.

1,1 )(is , 46, 10+io" L, l + (),I t), ¢+M Bl+w(r+

For obmerved fallout pattarna, the Intoarntion Is earried out by
replacing the intogrml with a mum, such itm

.11( l)dA 1 A..

wharVOT Is dotormined from

Z, 301 lo--t.1. _ 1

In which the deosipstion j Is for the aucoessivo dearoasiln valuos. f [1 (1)
sedt In carrying out the summation, and 4l -1 is the aros botweon l.e contourl

II and I+, Thli particular value d rj results Ifom the memllognrlthmlo
mipproximation of the variation with dislrtan of the intenmlty profile'..

The mutivity integrals over the, fallout arosa obtained from the
Optling system can be corriud out, using the hmuumod ahapes of theo oitourm.

m , m intr and Cho a. faelloutr -Thoal m.y IntogrMl for th"
item (fPlout patern, dosignlted A., for the mum out to I1, can I" Ptmuifntd troe

I, A4;!X4 - X++)
A, l' + + x", 0, .

k . kh 31w"03 109- 3 ig ( 4)

for tho L'nso whore 1 l 14,



The nyutvivy Inhurrul for tho •io•nol i flo. iill ,,r. 111 't,1-.11l, A,

on lit o.,nni.":fro
1, '1' -X Xq '

Atlf III logil~ r (1,1 JI

0. TJi 60ZZ Y4I

+ Ixf, X,) 11 og (1, /10) 0log (IN) l .+ o0,66,] +6 X X5)'liog• (In I110

fort the. case wh'ro In 10 l.'

- - Theo j.pondonno of YV. on wind apeed Isdotorminad froni theimao, oql
"tions by computinK the Malues of the variousi distances and Intensities [t Reveral
weapon yields and wind ipedts and then soiving for YV hy keoapin the muffi-of
A c, and A, constant for a given weapon yield, This procedure keeps connanni.,
"at least aipproximntOly, the fraction of the total gativity that is carried by parUale
groups of a given rnninmum site, The integration is carried out to the low Intepni-
tio., 14 rind. In, who.. depiedenino ut wind epled is the same, so that the Jimit
of Intigratiton In, In fact, changed with windpued, .The lower intensity limit,
used ti-the 1, r/hr ot 3, hr for g wind speed of 1i..mphi this defines the particle
groupA that ire involved in the integratls for other wind speeds,

5,4 Uumniarv at.Derlved 1 IMtd leagin no

-The sealing-funotions given below oontin-1constanta evaluated from observed -

fallout pattern dalla. The -number uubmaripte correspond to the notations given
In Flure 5,; on the descriptive plot of the strndard intensity profile for the line
direotly downwind from ground ioro. The functionst apply to ant affective wind
speed of 18 mph and for a surface mimrst of 100 poroent figsIon yield, All dlettinoon
are In fant, alt intllnteies nra in r/hr.. t I hre and the yield is in K(', "

Tho monling funotiono for tho a• vniuon nro .

log ol,.. -0,.50) 1 0,0711 log W , W 1 o 1O0KT
log q , o,o ,I, llo W W ! in I4OUWrK
log as .• .4,170l ., 0.022 log W W I to HINTK'i'
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log fyi; 4,O, of4 I 0,(011n l11K k W I lo 10 5 KT!
log (VII 0,0110 1 0,0110I log IN! W I ill 10514TI
logl (v7 (14 (1, Dl) 4 111J 1 'A' W IN In It, K'10'0
log (vn 0.IMAI 1 0,1151 logi W W - 1 Ia 10I)I('r
Ing (v( 1,371 - 0l,124 Ing WN W *~I in 214 KT
log anl 0.111 0.140 log W ,W 2H t OInKT-ý

Ih"' pooling ftlutlo or C~ho~ di 0110aoou, are

Ilog( -X n) riioo + 0,400 log W ,W I to 28~-110
I.104 10.319 log WN 2A k, 2M o i0'(T

X4 !,,AOvF, A00) -

log no, OMMO I 111,r440 log-W w , I in ito l0-wr

211101(1l(11( 4l, - Ifig 0l

log a II8~I to4H la toIO"K'I'
log h fl.920 + 0,445 log WN 1. tn,2m-KT
log b., 4,2120 4- 0,104 log i W W. 28 to Jil'.A1I'

- al A/tin/4 11070 +01098 log W. w vin [t I01 -0
log 1R, 2.11) .9 O.n 0,1 6R, W, -i-w-, 1 to0 -KT~---~

l ~ n w 11 OAT ivgwo hn 1 0t o I h nltot 1(0a n mph0 ir

11110 anld 0(041 (nI 11,11( rpN, (II vbY, Thuv po inm nI o iM II, z", 1111(1~d V. 11m, Iim~lum fA(Io
In' odupndto ru' to whiid mpovd,



IoR X," 1.044 + 0,4,17 log W W - I i0 RiRKI' rv n/h

- 4,049 + O1.iqfl % lo1 W , W - 2M1 to I.dKT, rv, • /h

v 0,0fl.WO f14.1, O' %[i ,iii Wn"w
MW -P IT , VVY AK /h

X11 " 1,464x100W0,23m l,4xld'W0 '.9 nl A I +0.10'3 W""
W - 28 t HPW T ,S IKT 9/h

leq Xn u 0,8t0 + 0.4I IlogW , W P I toSNKT
-, 4,1R255 + 0,i00 log1 W W a RRto It(KT

logX6 = 191,j + 0,5O8 log W , W I to 2AKT
..4,968 + 0.305 log W W -8 •to1,UPKI•

log •"n 4.006 + 0.1596 log W . W 1, to IANKT
u 4.410 + 0.15log W W * _2to l0KT

log Xq OR 1.10 + 0,310logW , W I 1tO 3iKT

= 5.302 + 0,31 'ogaW , W *21 to Id•KT-

I" ogY' , ,12211 + 0,400toGW , W - Ito 10dKT

Value, of Yp for yields other than those given oan be obtained from a plot

of the llited..value. againit yield.*

The, oaling funotions for the high Intonalty'ridge nonr'ground voro, the

"Intensitisn at the nhoulder In the aloud pattarn, and the Intoufattloa onths down-

wind pAttern freturep, aral

log IV -1 )/'0

where

- log. k1,a .808 - 0.404 log W , W I Ito 1-KT
w, 2 M00 0,llTog W , W O R11 to 101-KT

11te Table. 5.2 above and U1,1 below,
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log I~ lox ki4(I)Af l"IAV

whollck

Ing All.2.3 log Ato.,, + 11 Ing V. (Finn~ Tnblc 5.,1)

and

logmi, 11-236J1, 0.046 log W l og v , W ION to Joe

6kg I<j, 3A OM 1-, 0,4391 Ing W ,W 1001 to 1I lNT
Iog K$, X IOIJO03 0.0040 INg W 1.0 to 104k'i,

Fror A I wo5hroush of

- I O4 O0n KAY lng 01 a O/il
4,000n KI.Amlog Ahf cV~ n/h

whoro

l_ og nt/h -0.431 -~0,014 lug W , W. I- to t~ISO -

70,0137 41 0.9f7 101W ,W 38 to IOSKT

and ~ -- (YV, + R/A) 4//) + (v /)

wlierv

log (/l' 0,4mfl +, DM log W
3i0+0,481 log W



1(4 ( ..f(I, • )•1 O Ji02 log W W -I to 2H K0, , f/I 4 I 1A
- -0.M4 0.,)742 lo•g W W -M to I0lKT, (•Vm" ; /

log Wai -MR5 -f 0,40(5 tog W W - 20 to 1,041t, at~ 4 (1/1

log NWO , •1.-!34 - 0,074 log W, W I to 1 0KT, R# 4/h
log KfiAi m -1 ASA1 - 0.022 Ing W,, W I toI 1O5KT, R~AI
log K'. - -0.969 - 0,0157 loll W , W I I to I.0RKT, a vn/h
log KW--,070- 0,02O0 l W, W I, to, IOKT, aj h

log , - ,1-0. 0.,52 logW, W I 1 to IOKT, v4 . a/h

The values of the fallout pattern featurem from the Ahve sording functions
Are given in Table B.S for several weapon yields,

The moaling functions for at and K (1)A# derived from the scaling sy.-tem
sugunot that (1) the distribution of the notivity in tho different partiole-lme igroups
tends to broaden with yield, And (2) the dihtributioni shifts to smalletr particle

lsse$ with Inoresaing waxpon yields., Beoause thehighest Intenitie"s are near
X19 the- pirttole-sime groups hvting the highest value of A are thos, of the
size iroup designated by %. None of the more complioatuf fallout models in use
At the present time considers a change with yield in'either thu ivity pirtiol¢

ims' or the ativityi fall-veloolty distributions, Am this result suggests, -

The product (0(1") -, OAOQ(1) for the 0oUinag system vArieo from iabout
0,4 to 0,11 between I.KT and 10O -KT (for integrationA out to the, 1 r/hr at I hr
contour), These results indicate, at leant fdr the lrger yields where the fraction
of the Activity on the ground but outside the I r/hr at I hr contour Is very small,
• __ that both the over-alli friaattahation and ths fraction contributed to world-wido fAll.
out deoteasewlth Increasitilg _lld, Theme Indliokt j are in acoord- wthL) -the
shift Of the actlvity partiole seio distriWtion mentioned above, And (a) the slower
cooling of th# fireball, with yield, Both .hitors should contiibute to A more aom-

-pletusoNvenging of thu vkporimed fleson products by moil partires., VIorjgi parl.
son with similar vwlues in and other publIcations, the valuss of C(1)K(1) in
terms of r/hr At I hr per KT/ sq ml for thp mix mlelated yields, 1 to 100.KT, are
IS0, 1140, 1 80, 1330, 148.0.. and 1i00, ramapeotively,
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5.5 M9SE faVi OIMlr th" Use of Owe NlrnplIiod FallW outNinfg
3YitOM

5.5.1 ~ ~ . iduru~~yJsulasd F11

The use of thua scaling functions and of lthe simplified fallout scaling
system to luiustrutd in this section by some calculations for a1.-MT yield sour-
fes dstonaston, Thu first stop In cotlutruoting the idealived contours is to plot,
(oir comwtu)m thu intensity profiles along Ows centar libe at iho-pattern as log 1 (1)
agatint dlutaos, The second step Is to compute or read off the dietances from
surface soro to a pne-selectad set of contour values, The third stop Is to plot or
Compute the uemtlogarith~tlumtaie tram Al,, 0) to (to Y.) for the lateral Wooa-
tiers of the cotours for the stenm fallout Isee Eqs. 5.44 to 5,40).

The fourt stemIis to construct the stem-fatlont pattern by mvarking
onarecapgular gridtbo. noted distance to tob cotourý al bongth ine y-L

ThV"rouMd-sro"1 ciroviar portion of the pa~mtte oI then drawn inI by first
drawiag the sopfrl atscrcles centered at X1%O ad" tt.ostoe them to tik
lateral dtetaoes taien tramn the t$-t, po At this point, the coflourea ro
drawn partial to the K-sate and c ý (wit aselloptmsi hawpef iv a common
poinit wours on the K-ins. The remainder are exktWne to abou the diseace
to the lowest-valued cotsed contour.

The lj jp ~4t draw -or c0omput the semlegr~dtImm hW" from

aid 43,Y) If the dista ncebtween thesex twooatkons ts dssipstdo 0 Ws
ted". ane few141O (XO O) I to *) in kth onotsa- Ahegte on te4al diAWNO"
to0 each ane4 T, ts doetwunied from DY/D or direatip from Sq. S.R 1%e
oorrspundtng downwin Iucston1 . K4,is X,+bC¶X,-x,)/D or, X9+(XIXg)
(T/Y). Thoee ar te pontst through which V9az tbltoutcntaurs of the coutO

___ he arfthet upwind lobasnona a;fi at 1.4-redI* from the intetly
profile bewee K, sad X, or computed from, Eqs 5,44 or MIII. The u"Wind
batt-ellpse ts tive" by the equation

The deowwind half-ellIpse is
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in whioh X i. the downwind diitMo. lit the oontour between X and X ,(se
IPq. 5,5). The viriov inteanlty-dintanio. lites and proffies for the A-MT yield
are mhown In Filure 63; the oontours derived from them are shown In Figure 5,1,
with the digtuanoeu anverMe a to ulAA~M miles.

The pattern or Figure 5.8 to In many resmnte quite different from
those desc1rihed In ENW, Tbile 5.4 given a few oomparibons of the two deriva-
tion. for 4W i-MT yield.

Table 84

COMPARISON OF FALLOUT PATTERN DATA FOR A 1-MT YIELD
ORTATNED FROM THE IIMPLIFTED lCALVIG $ITEM FUNCTIONI

AND FROSt TRE XXW K3ETHID8

fximpiflod aK

Systmlm Methe4

Upwiad Distanon to I r/hr emtour 181 t?,4
DownWind Difteme to 1000 r/hr oonr U 4i
DPwMwind DIumme to 100 r/hr o00"r 1JilU s0
izawuiwd DWwi to 10 r/hr oontour 10 ?0
Miudmum Kudf-WIdth, I r/hr oountr 111 i0

The ntaoar puAr" rev not ruwo"LaWed In -te 3KW tdllW4 m1Rtd_
an Ow oberedm pres ' of t major doWnWi pek -ud tro rooreepnlo,
rapid b duleif of tMe peattea In the rest" of this pee . AlMe the bao Priud-"
sera4 1trle t by the OKW method does not eage" wth obserwtwou for
ytlelv grrul4r than a few KTi the" two s•dl so cyateme ubiald give pafteme
maot nearly Wtdhe for yields In the regtgt of -KT, Oompaileoie of tw fdlout-pattern fei•irle caleu0ltd from 0te ulzple sotl sys ore ited hemb with

those from other fallout model,, are diugnusdN#rfter to alotiou .0.
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The muthod of' utirnmting the tiimu, ratom, ond diurt Ion of fai'lou.t
arrival, and the reaulting expomure doug, It illustrated ty nijoluuationu for to,
I-MT yield, Two locations are aeleoted, one ýi tho downwind diutanve of
3,AWxo'•t (8.3 miles) and the other at 1,N7x1I ft (05,4 miloo)i 'both are on the
aenter line of the idealized pattern. The tmuditrd intenelty at both theme lo-
oationm is "oPO r/hr at 1 hr, At the shamer distanoe, eunentially all tho fallout
oomes from stom ,ltitudwaa at the greater diutanae. it all arrives from cloud
altitudes, Different methods are &pplicable to the two oaueal the one for the
fallout from cloud altitudes Wi demoribed fint,

To make those oaloulation, estimates of AV am a function of a'
are 'eqOuird in oo'der to evaluate the, integral of A, (a) ts ind! oatm• by Eqs. 4.
to 4.11, From Eqs. 4,12 4,66, and 4,,7, the first eutimate of i su given by

6, l.7xlOa10 1(). "

However, since rzJ1) i. not known, and uince the term (r,(1) G 4,019) will. on-
oel out in adjumting the integral of A1,(q) 4a to *000 r/hr at I hr, it is oonvenient
to rwpiau thmultiplitir of It(1) -with thi .#Initamt I/K, (1), so that

.(l) .L, 62x10 r (1) + 0, 0191 -("L, (6.6)

In the ftirt estimMe of the distribution of K (I)A with 4', the c for a given
-value@of I (1) iL take to be equal taoX/hI Tih ditriution aurve foriK(I)AT
is. shownm Figure 5.4.

The-oomputatiotne for a Mil ftM~ hp I hi j17KO (I)A~JQ) anM
K, (1)AI cv), t are summarized in Table 5.5, The values of Ke (IR)AN,0) ae•
plotted in Figure BS. The peak value is notmd to ocour at an a of about 8,1,
wtioh ia less than the value of a, a ,,856 for this distance, The integral under
the oi rve is K (I)Aw 6,M10 r/hr .t 1 hr-ft, xnd A, is SAX10I/ r.(1) +0,0151 flusioni/eq ft..

The calaulated tatndard intensity, i'fr-M,

1,(1) 3. 90x10-' 1I,(l) + 0. 019 A, (5.67)
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Figure 5.8
VARIATION OP KC1)A NO) WITH re AT x 1.37 106 FT FOR W 103 KT
AND AWIND SI 0 13 MPH

01%

cil
Aý XiI'l

IT - ý i -

4,

I I

03.0 ~mom



in lano I) '!r itt I hr', Thia vatlu" im ithoult 701 pootui~ft of tho poiluorn V1111uu MIOOO
r/hr fitt 1 hIl. In orflor to milk" tile onit uliiiion "lornl Oxitot., tho dimi 011.1111111 ur otitv
of K,, (I)A shoulid lm InureitNud Oxlut ~ill puruant tot, IV villuem betwoon 2,1 Ittil
MA, ltowe"Yor. since mimiilar crnloulnaiofu tit, several iniditionat loulilionn wntilr
he reqjuired to make a complets meoonti estimate of K, (t)AM and minue theec
have not yet been done, no correction t is mad in K,(1)Aff for thin iliuntrittion,
Inmicad, the oorroution wtit appliurii ax it Oin&~ multiplier to thlo final viiWOO of

Tho timom of falilout arrivul1 1, , 1"(1 or ciuanstion, tp ,worn incruvamai
-by 0,10hhour, (S minute.) to Account fot' the time of cloud formation, The time of
arrival intervals, shown In Figure 5A. am it function of rv. for'm a closed loopl
this curve is used to provide the range of (t groups that are landing At Any given
time. The rate of Arrival or the radioActivity caRrlid by each cv group in
Figure m1, mhows the highest rate of acocumul0ation for the larger partioles (thoem
hakving the lowar a values)

The activity Arriving at any given time is the sum or that being da-
positmaci by All the ty groups that at'. landing. The indicated summation to shown
in pert, of Toble-54.6--11iirt-, the-sum, undor-the-curve of rigure 5.,7 warn obtained
by summing the areas 'of rectangles, This wasm done by reading the midpoints of
siach 0O.fl Ince~ment of ty and ac;cumulating 0,011 times the values directly on an
Adding milchine. The ty ranges for selected values of the time were taken fromn
Figure 5,0 and the differences In the summation to the respective valueo..of
-afg aind D,,11 Arriving at each time were then anicuintepd by direct Interpolit-
tion of the summation,

9 The total rate of arrival shown in Figure 51.8 reaches Its maximum
- --- -- at about 9,31 hours after dutonation. The summation of the activity'under this

curve IN 0,11401 r/hr At 1,hr-6t1 which is In agreement with the summation of
KJ1)A-jt), -Thu- Imi) vAlues were- obtiained by adjusting the total to 9000 i/hr at
1-hr- and-adjuaftln-tll the other values IV the Name factor, The duatty cort'oetion
faotors# d(M,), were calclatd from the dafta, of Tiguer-12(s-Vum i,
Chaptev 11),0 which includes4 the contributionsi of abocut 0.0 4atms. of 1i-919 prom
duced At zero time for vach fission event. The pro Iuit, lldt1,In the vitlue,
of WO~t at oach time After fission.

The maxtimum ohuerved intensity indHicate i 423 r/hr, occurring
at ai hour. after deo~nation, . Thle shape of the Iintensity-time. purys Is shown In
Figure 5,0, The extposure doese, D,Mx, is the sNUMMation Under' this curve times
1.331; thin factor' uoarecotr fot' tho instrument response Contalnoci In ilia values of

'rho diome Accumulation (trife air ionivfttion) over terrain such ats
existedl at tile tost sites is 444 roentgens uip to timu of cessation (31.11 hours),,
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F~igure 5.5
RATF OF FAL.LOUT ARRIVAL AS A FUNCTION OF~ TIMP AF~TER DETONATION AT
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Figure 5,9
VARIATION OF IONIZATION RATk~ WITH TIME AFTER DETONATION AT

X - 1.0 10' INT FOR W * 10 KT AND A WIND SPEED OF IllMPH
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1"' ofli thfo dem(!ty v(i'11V11 of 111III'i I I~h1 M (Mhon VoI~iow Iiý Chaviilo I I) 11111 IotiI 41KIlO-
MIIVrI (10140 IN Irý,10) I'oE'fltKfliM III IN i1,hhlrm, I1UHO rv(.'ntols nII I wook, Midi M170
r.'milt.'olM III ~,i y.in rsII' OWhN IN 111( Mo-wiH hid 11il1111Y lome.),

T'he. ontriliuiiinn ntho M oin in ritn fromni trhorns 00t10vy vnn he nt"i -
mnutod 'It, ito is nauniod tlivi 11wIttctionntion ofloul en A, onnuael Mint In Aft
The dome rote from the MNirhore mnterid ilhouid be proparirfohni to the rato of'
dlonostiton of tho notivity, so thnft If It, Is computod for one tine the contrilml:ion
Mt other timen should ho piroportional to K,, (1)4 4 /A C; The tinie selected for the
aelcunitlon warn 0,11 hours, tho timu of mimimum ftIlout, dposIflon.,

At this time the arriving partilal groups have a valuam between 2.74
and 4.111 (see Table 5~.6). Fromn Figure a.4, the integrali or-summation 'of
Ku(1)Aad(v, betwoon theme fl, values io 2,92xIOt " r/hr mt I hri inorefasing this
hy, 31 peroant to oorraspond to tho adjusted deposit level XW6_s- 1_3,81_%XtV'/lW
Ait I. hr. (observed). 'If Ir,,(t) + 0.0t9) in nassured to equal unity, and the
value of A* 1,l 1 Is taken as that Tor unfravtionteftd- Has Ion- product., then
the Integral or A~d ry in IPq, 4,75 Is R,BflxlO" fissions/ou ft, Rnd AXtotI 4,440-5
Nev/Mac/fismion. These value, giv: a oe-rate of ,rt a91 hu.

from The contribution to the iontimtion rnte at 3 feot above the murfaco
fo hadeposited !rntorlal at this time of 2,31 hours Is 916 r/hr, giving a total

lonizaton rnoe or 224 r/hr, The Wiibornu tiontribution at V3 hours Is, tharrefra,
-about 4-parciont of the total Ionization rats, liowovar, at 1l9hours, just Re the
falloutt Is beginning to deposit, the airborne Ionization rato Is about 2,4 P/hr ar
just over 50 percent of the total. Wtis seen from Table 3.6 that., at 9.3 hours,
the summation of N, (I)A,, /At is slightly 1ess thin this value and, sinve tho same
auftination would apply to the lonisutioi. rato from ai~rliorne material, the totaI

_- exposure dome from this source would be loss than 9.9 iomnt~ganai Thuis Iaa bout
W_ pperent ot the total expasura doese. Thorfom-j-,t-thlor-elootod location, tile
airborne matarial is not an Important contributor to the tota~l axposurm dow.,

The first step In mitking eatimatus of the, arrival times of -the vanl-
ous portiate groups aW the resulting domo- ratCe from stem fallout is to coomuto
thoe valuos of CV And n'. at everal downwind distances. 'The. a values Kar
Platted aantdsriea read off at. melected distp-nowo as required to make
the first Vstimate of the distribution of A as a funotion of a. To make this
011timate, l~q 4,50 Is ý,med. in the form

where K,, (1) In nassuhid to be constnnit In Ilieu of information on the dr'pondenev
of r, MAI4, on a, The nverngs pnrtileolmuti group tit. it given downwind rliatnirip,
(V, Io c'aitnti~ir' from try.,,,, 4 rv,.) /2.
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mloml; oliffi ly cli'tii rnifii I d by 'nI u t1.1vi l-ngj M.illvi %,111111 of' i1 11111 (v In'or l I Ii v~idilowi
Of W, by iimv of Eio, C,4 I ind'.111 nnd4. nn hi ' IJW ni H IM r1- 4,2 001111111-1114 01 (111`11,Mlii100,
TIhome~tiquiloIim, for11' Ii MT~ yildjt uInotnilitiin, i1t1

logM M., 1.401 1 4,7ZcI V o(rý.I~

'Thri voItina or tvM n d a 0 obtm I nod -from throvt thror owilitiona
ara plottod In Figurp U1.0. Tho ciorputntion of the rfrutii optimnt~o Of K, IAJ1
Ra A afwilotio oif IT'.(vhfnh I'm xhown In Tablo C1.1. fnd is platted in Irlpirm 5,11, wNm
i.mhi -bw, urn of the-i (--vvifueiia of VFiurn Ul.2. The odd uhiiijil of tho dlmtributilim
atmart its naxlyiamu Is due In tho aloxiaption In thl so a-lq uymtctm, 1,h10 tho top of'
the activity rridge to ffint from N to inX

!reTieo -fmlioulvsirrivOi~i ud tho diotril-uwin Wuncti c fo n oMf X' (I) A'
Mhould n10t 110 11PPlild. to diAtAMnae 10010 ChAR" 11M. WhI01h 10 About. 200O0 f`01, td (bott

1-T yolcdi however, K,1 (1)Ac, sho~uld ilpproipch vairo its a or rv Nppirniobeh rairo.
Theme diiutanoae will novibo ol' miuch Intertit far vatimpting fmlliuit irriva~l timoit,
mlinoo Aj,, I.aspproximantely oqual. to the crkatr rakdium..

For' the i1ll4utrativa gomputatio" ci' ti~ a-tW'iV jto ]¶Oft fiffloui. frMM
otei nalltudea, thp nAM r ,.MItonft04y Of 2000 r-/-hr- Si I. h-Wiu RApin 00taated.
'For thin item f"!lauto ALA intommity *occurs at X Y,.I3flxION feet, or 4. mil.ja, notd
y s Dot nho MlO of arrivomio oi auh pirticle grouAp, salocting 111 mph foi- l1ho
w I f-lWM , dranf br- otl~ir AM ttom- N1q s, 4.j ORnd 4. k4. flonr Amhv -1. M IP leied,
thoare frriv~i Whim. Fmo

* , b I0 vjM,q0oa ry 19(0 )(N I

for' the timv tin hours. Th n g roup arrival tlmtN fi tho mum of 1.,, innd I. (nog1c'eIlog
the Holay-tinit, duo t in'irvulnilen in 11w I'l rpn 11). 1 rqon 1' IV rre R1,1, mt the
avivoted (itatnnve of 6,1~ mille, amb,1 III OAO, anti avin", Im 1.140. Pho nrrrivpl
timo. for thouci Xrnupu mrid ki'o pairtielo grupu with tnItrrmedlmnfi vnippa of cv,
then c'loulii-Alml~1ivity oil x, mnd thco volouland~u Innirml-Inn minto, nriu Aown ini
Trible, 5.R.
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VARIATION UF (y AND ty WITH DOWNWIND DISTANCE FOR~ A I.MT- YIfCLO
SURFACE DET041YION ANIS'ýINO SPEED OF 15 MPH
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x I) rh 1t (1 ) K,(])Ain. r

0 0.321 0 -01112 115100 1).oqxlo' 01(16
0.210 1),431 0.07 0410 (1000 l101x30 4~ 01,211

0.41111 0.1131 011 04 802lI1f~ (fi
1.00 01O1 o.92 0.3,1 9(100 1flhlXIO 4  0148
I'lo 4.10 0.40 0.01 0800 1.4114,04 O.A0

~.11.90 0.04 41.63 11700 8,77xl0n 0,10i
1101.4A 0.80 0.61 0111110 4,01h 10' 114

4 0 11S4 1.1114 0171 040 1 1 a x I 1,48
Ao 210 -- Li 447 0.72 281 19( 1,83

6.0 I111 1W1 (01.71 an6 '210
Lo0 2100 21117 0.711 21.5 1 r,1 21164

RIO 11.910 W.311 0.771 .101N IV9

9.7' 11.79 11.08 011 0 1.41 3A :it

~27.1



FIRS1 ESTIMATE OF~ K M1A' AS A FUNCTION OP fr ?'OR FALLOUT FROM STEM ALTITUDES
FOR A 103 KT YINLD SOJRPAtE BURST AND A WIND 6PORD OF 14,MH

lot
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CA IVCl•I'I•IA AIRRIVA h'l'MlIiII ANO I)(Hlq11A.i11:9 DIMtIINO1 VA" ,' ~

I'P, IOID) ANDI IllP 'POC 1 1, ll AT TIHE DOWNWIND DI'!'AN(1I", (H 11,11 Ml I 111M
INIOM A I-MT YIVI,) MHii t'AOF DIETONATION

S tj f K, G I .IAJ KIt MA. 1.(1) 1IL,) 1 IL)I

(hir) (h P) (Ii) (0'/1r at I hti) (r/hr n I 1 hr) (v/hr Iat 1 hI) ,lr

0- 1)0 0.0017 0120, 8 01,41(0( 19 04  0 I'(I n,11) I o
0,95l 0.101( nsfl 0 I 0,1184 %,U403 Inro 111o 2,111S 1 ,fl i
1 r00 0,00(9) 0,3114 0._I l -1 71,, 9000 '0 .1 (1 I 1,711f)
1,011 0.070 0,11111 01,4-:1 01,4 1,,140- IM0 211n, I. 1I(W
1,10 01072 0.11 0WHO 4,, (12 1 ,1lOI.100 U:11 I 10

1.15 0.01 4.11 "I
01. ,1 0,07 ,4 07 0.49•1 10 2 ,0m(I 1,40I1 ,l 2.1 7 )0

1.23 0,07n10,421 0,100 9.01! 2,222 1,5140 2.o) :1,1100
1,110 0,070. 0,444-- Q,5 2,48 2,311no 1,1)-- 01 :1,1170
.1,.83 0,0o7 0 ,402i 0,31t) 2,o08 - 9,471 1.,710 1.1I4 11,4110
1,40 0,07 I 0,400 O.M•s1 1,- 3 11,1101 l,120 1, 11 ,i :1,4,10
1,461 0,071 I-0.4,pB 0,.5(7 1,47 '!,011 1,88O --. . l , ) 11 "'lIl1(01
,1,80 070 1 0,1117 0,ot0( g 1,0215 1 ,•211 .7,l0 I:il11190
Inn 0,0a0 0,11114 0,1114 1,011 . ... 19 1.70o I :1,1 0
I '1(1 0,011 r,1r,12 0,(111i1 S,?7XI• 0,810 21,000 1,40 WHO ,11,1I

08 .1.4( O 2,1I11(1
1,0 (o002)(

1 ,o- 0,0i I 'JOI(7)I

S= •,•I0,dH li,, 7f



Iil tho o t'nputiltnicn, K h(I)A A im N 11L, Sm mlnht. l (11, Kf 'ý (1 ov t thi
i'V i no ro nlitiltM Tho mummittion i mn(lo by riu•Idijg off Cho midljip nt, %'to l •(ti ol f
K, (I)A• tot' for i 0.01h IrOU rt'illt, multipli ng hy In5 1i,,I Mkil0lit l t , Sititio
thi' m.th.fl Im Hol Up for the au4'rivid of only nn. (v gr'oup Ait. Hnl m, tho Mitminotinn
Pian ha niildo by uling eithor a or the arrival time lie thio Inulu•cipldoet virithil
Thiu proomlurvu motually utilltmo (Y no a dapilnhotor for it group •f pnentlo•vl of it
finiteo patialo sze rangae In which cy may ho considorred tp lio the domigun•tor for
the avor•mgo or modlian siae of this partlolol Iin thnit group,

The Ilumination, K, (1)Aj , up to the time or fallout ooomation ((0,0
houor), gives a vwluo of R,16 r/hr at 1 hr rathor than thp Nonld v~l•o of 2,000
r/hr att I hr henee the scoond eutimato ofK,, (I)A . for v•vwluv a botwoen 0,90
and 1. (0 wouild bu "I paroant of the values of K, (I)A . •hown in Figure 5,11,
Stnro the other calculations necessary for adjusting the whole distribution ourvo
huvo not yet been made, all the KR (t)A, valuoe were multiplied by 0.)?1 to obtain
the appropriate viklueo of dI), The deooy aor..-notion factors ware obtolned, ns
bofofr, from Ftgure-1.1,,

The variation of the dome rate with time after detonation, at tho 0D.
mile distance, is shown in igures 5,12, Minoe in this• se fallout has stopped
before liin, the eurve pamnme through the 2•,000 r/hr at I hr paint at 1 hour
after detonation, Because of the rapid rate of arrival of the rarger partioles and
the rapid dwoay rnto, the intmnsty rises very rapidly to a p@Rk of about D3,400
r/hr at-about 0,56 hour@, In the cloud fallout cane, by contrast, the peak intanelty
in relatively nearer the time of fallout deination and the-rate of build-up Is not
nearly am rapid,

The mummition of the area under the I1, (t) curve was macto by using
0,02 hour inoremw nts, The mum to 0,03 hour it 77a roentgensi tl, exposure dome
Rtself, therefore, is 1,080 roentgeonu. At I hour tile expoumre dgonewouldW1. ,0W
roentlen.i at 41 hours it would inoreao@ to 316,0 roentonu at I weeks the expo-

S...... lure doe would be__---,000 ron tgeno Rnd,.at about 9 years (the infinity doma) It
would Inoreame to- 12,300 roontgnsn,

-Th moot rapid arrival rule occurs at the beginning of fallout, The
contribution of the airborne activity to the dose rate ot this time rhquld bo at n
maximum, It cRan be estimated by urn, of, Nqoq 4.73 i•id 4.7, if the frutlionation
In ameumod to cancel betwen A 1  -and'K I (L)A 4 amd if (rR (1) i iiU14_)W seIOttil
to ilmity, The average value at dl /dt (j,0., for the corracted values of I(, (i)A,)
from 0,l0o5 to O.au4 hour. Is about 2.0ox10 4 r/hr at I hr p•r hour, Using 19xl0~tN
r/hr at, 1 hr par fimaion/aq ft for K, (1), th.9 valuo of dAm/dt Is 5,26x0' flmuiona/
eq ft-hr, At tha mid-titn of tho time hotorval, particles with an (Y vo!tln of
0Qi02 nro nrriving, so that, with a l1B mph wind speed, the vnluo of A o1
Rq, 4,73 for those partloere In mi.14xt0' t fimlono/ou ft.

277



VARtIATION OF THE IONIZATION RATE~WITH TIME~ ArTCI4 DETONATION AT
X 3.3 10 FT FOR W *10' KT ANDJ A WIND SPtCD Or~ il~MPH
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Th (1h u I ltliflthimtte I'll III ~V k~i'two glvtv At M1~ ni 0.U'174 houirm lo 1,xi*l~I"
14v/moou-Cimmion. 11mvt of thoso~ vi1uI'm In~ 11:(, 4.712 g(ivo. 21,0 V/hr at 0.174 Nall*~
MI iiou thi I m 111j I th(oU t miO mu ifl~~ U I I('bono vo('( il~ IIII'IIUI 0 10~t lonlolt lt t i lt v ~t Ino -

olua.v of thl r~pid niltol (if Cai 14114 Of 11,0t-iultlUAn11 Of pu rtlUICIN 111 tIM pound,
the oantrthutuion of Clio al rboirnl muitv ty Loi tho total1 dueL' during tnt tout. ht, thim
localtiont negfligtigble,

Location

The partiovl-sirc3 rangeo of the fallout Mt R given loo~tion or bas~tIono
Is an important consideration In the damigp of fallout shelter ventilation systems
its well. au In the planning, and execution of decontamination operation$. Par
purpoooes of conducting reulistit' and meaningful experimentis in ciegontamnLnAtion.
and In shelter designs flýethodo foe estimating ~likely particle siazes I~re neossuary
fr thu proparation and uoc of fallout Aimulnntls,

The simplified fallout- systern scAlIng funotIonsl together with
Pýii'tiole fall-rate diata can be used to ait~imate the particle,-oise groups that fall
at any given downwiiid-loaatiam, Vv~iither , they ban be used "to mak~-9-atimaten of _

the froction of the activity that to carried by the CifROnW miles Of pavtclali that
fall from both stom and cloud Rltitudem, Tlhis Information could also be usepd
jn the morp oophtutioRted computer progrnms for sottmatI'rf fallout depositionm
Uinder Meiteorological conditi~on. other than those of uniform Wind speed and
direction,

Biecause the fall velocity at a particle of a given size varies with
-- -- altitud -in TafllAg through iheat &atmopbhe, the 4fii5Oa*at asiven tall ____

vector representi a irioup of partialeml, With a sproiad in diameters that dependm
on both the thickness of -the claud'and the altitude from which' the group falls,
tn Pigure 5,13 the 1-im0 Of spherical partial.. falling through.A standard Atmos-
ýPhurv f-rom various-filtituden is plotted- it-a -function-of-vector velocity, -Theme
curves were-preparad by D. , Clark from dotai provided by A, 0. AndieroriP
ýTho vstimatted dtikmetars of the particlas fallin ait X - AA1.01 feet Pnd ati
X - a, M10l4 faet for the l'MT yield detonation used In Ovation 5.4 nro shown
In TiI~llei A.,Q. Vor v,, 10 mph, -

- ~~ft/lilft' (8,74)

The height 01' Wel for' the particles foiling, from stem altitudces i#1

ARKO 9000 190(575
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VERTICAL COMPONENT OF THE. Vr-L.C17Y r"OR 3HEtIICAl. PARTICLES FALLIING
PROM VARIOUS ALTITUDES TO SEA LFEVEL
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Figure 113 (contlinued)
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IflAMIvr TI1M 0I1' MI'l1'IItIA Id PAIMTIc'I ,I'r$ FOil VA111)1ItiMr• (MItl'M IV' I,! ,IN11
AT I ,H7l04 .,T ANT) 3i,1fxlen PT IDOWNWINI 1'0110)M A I-MT YINIIJ)

M1IIIq'ACI.: DET1ONATION AMMUMIN0 A WIND MRETD MP ln MI'll

I 1. 7  n r t (y 1o ( -I1I,0' ft~i

v1  III ho d11  (/ Ad V1 I (1
Sft/man 1o"3 1t I O4f (14) (0) 44) ./o Ionl I (t

M.IR3 8,71f Me.8 5771 252 9102 0 0.0 24,4 90, 910
i.6 8.40 ma1.0 (01,2 052 941 10 1,0 16, 90.5 m0oo
A,8 ?,3o 413.0 Ol,0 940 9(0 14 131 0,0- 10.7 7I 0
U( 7.1313 477 (0,01 9 999 v13 1lo 1. 10,.1 go30 0 1130:

31,9 1,88 40.0 Gals It1 go0 17 1,1 16,19 •7,0 1oo0
a,4 (1,47 44.0 OL19 909 1011 101 1.4 I6,7 7,1 i345
al 4,11 411.5 000 100 184 10 1,5 14,7 7,7 SON
M1,8 3,79 49.4l •0. 1g I78 14 116 1IA,8 47,4 470

4,0 5,110 42.0 57,4 184 17 3 t I
4.9 5.24 41.4 855A --177 17 .10
4,4 5,00 41,1 58.4 171 108 8
4,6 4,78 41,0 51,0 105 158 7
4,8" 4158- 41.4 48,4 159 151 4
4.9005 4,40 43,7 43,7 .1583 1i3 0
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TheI W1p1-01111 ini p0 rdllo (1lifllflt.' I'M top" i'iih 11V11iUO t111, (mid 'IO0l iflot. IM MovIO to
hoc quito M11101li t 11mtX11111111 uiotul t-hickrim CM hu Mprul~d lit uil11,11101,1 IM Only .1?
mirn o Tt 'fI hi' op rond mIIou II he M(Inlowht.iI 'It 111' U M0 ii ( III M1111cImhtini1Um and

The ototo faullout niodol, itm Lormu ateti mivum no op read III tho dilnm.
olovii of tho partiolu, falling from a Wivan nltitude, :At thu LAW0x1O foot diut1-nov,
the over-ni oprund in pnrtCI61 diamotorm IP ahout 10(6 niorunmi W, the mhortor
dislaona it is 49N microns, Thu apuumuuiualad ialtvity diatributiona (in r/hr at
Ii hr) at thu two lociations are shown In lFigura fl.14 1 thame were obtainod from
the respectivei nummatio1%ofl*1 KOt1)A 1 (a) and Kx(I)AIR over I'

Th ' gras. activity-irnrtile nipw distirbution for the l..MT ylold,
catlculated from the first approximation of K,,(1)AY, for fallout from cloud ttltitudom,
in shown in F~igure 5, 15 along with-the distributions used in fallout models by
Andesuon' (NOLft dilstribution) and by litpp (RAND distribUtioh) RN given by
Pugh and Gallanoll, If the stem fallout were included and additional mnppruaimat-
lions of the distr'ibution were made, It Is llikely that the curve for the simplified
fallout model presented-here for the 1-MT yiuld would have slightly higher-par-
pentages of the activity an both the small and larger partiales. Also, the
diistribution curve- would chonge somew .hat with weapon yield,

The NRDL distribution wats obtitined from dautaon sieved rrllout
sample fraotions from a low-yield underground shot in Nqvada. The amount" of
activity not accounted for in tON WallUt paittern OonsstO of the fractons0h In the
vory smail particles, Thus, IfI the NRDL distribution wore read justed to the
distribution in the faldo.t on the groundI the highL fractions in the small sires
would.be roduoWe, Tfiv ornam-woutd inpply to the4 RAND. distribution, 'rhosa twvo

diutibuion areg~nral~y iE! it-trma -of -6.%-aetn of-thc woar' o t i(A-1tv _

ftmsionmi ti/u, stoc~fbut thesis units,. during aimputstion', are usually let diroctly
rroportional to roontasna per hour,

The RANDI dlstribut~icn was obtained from WAt. on at few fallout samiple
fractiono obtained from at high-yield detonation on coral. Theabu"t¶Oe cf Rp ig -_

njlfigrtnt fimount of large particlos In the dilitribution suggests either "I high
degve, of pr~rtialle breatkage (luring -shipment atnd highng of the more fragile cv rM -

-1 pacd iuIulm.! (as diatiusmie tin Chapter 4) and/or insuffiloent snampling Icir
Obtantfliig flala on mel iarger pani'tiees, Also, even if the natlvity-sirm meatsure-
mants were not. suhiect'to questilon liahooua of bins* andl partiole troeak-up, somo
question ocours regnrcding the use of stetivity dlotriibitions on coral partiolsa In.;
eftWtinitatbu for Flrldnatetype Wallnd p rittolni

The noted dinorepancion in Ohw throm ndotiviiy-sizu clistributlaiii haive
not bWon miatisfntiarily reviolved. The utility of the mimplified fallout Acilting
systoni to predict shifting of the itvtivity-sui~ dust ribim~oun with yield hw4 not yet

2.41
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lI(I(Itj indii IiiII~f flho l tin 1,inorl r )I n hirn to jtlotrmin ivi whotol flf 11w I i'u tvild u'htingp
Would roueullI. IA 1111 ewy gilni fhaiut III f111iw~ n t) prdi to tIiLt'iffl 1 t0 IIIItt 1111
Theme d(iiurnivinvtmM tire of kles meriortunuti Wwhoi the roult ofu Mi .1 t.I wlmiti t~ i(Unl
Iwo tiulud to netininto tho genurmil tnuWnltvitlm of the linytird from fullouit tnod Owh
extent of thu jiroii affautod. than when they amo uman to prodict fallout effects nt it
given iountlon with roaipoat to ni hypothatetiun burst point,' lNvn In tho morn gonorni
urNO Df tho model, however, the maximum ontimiintrl hnmmird will still ha mnUhmitive
to the shape of tho ativity-mlr~a dlistribution ourva,

510i he iPffeut of Orglou-Wlnvd hear tin thn iFallnuLE-t Pa aOfln~a Mvilt'ifl

The simple fallout scaling system coentains the affects of' aeio clegroo of
wind ohoor because the original fallou~t patterns from which it was derived were
formed undor real wind conditions in which come shear occurred. Th rOWIntVO
shear, or ralativo pattern spread, can be defined am (Yj-a)/Yp. This ratio to
Prupo'tional to thei tangonni of the angla of the maxlmum lat~ral apread of partiole
trajectortas falling from all attitudes to the ground,

lPor the 1-KT yield. tho rolative shear of the pattern from the simple fall-
ou-tod1-ncli~method is Q,424. Sinae this. scaling yucwndivdwith

uise of the fallout data from the Jangle 11011 shot whose yield was 1,2 KT, it is of
Interest to raview the Wind data- for that shot-with respeot to the effect of the
wind shear on the relative pattarn spread. The wind data and pitrtfiole fall
trajeotoriern are summarized In-Table 5,10.

The ltatral, distance, 4d, traveled by a particle having RAUfl velocity, v1,,
In-a wlnd speed of vw, while ralling through the altitude Inaremont, Ah, toi

__Ad uvw4h/vt (870)

In Table 5,10, the quanti~ty vt Ad io given oince It is Independent of pgirtiale
sl~a. The loteral distanoe component, 4y, io Ad sin 4(i and the "downwind"
-distance, U., Is Ad'aoosAnj where Ar, is the Rngle between the wind direction tit'.
the"'Attitude of the top of the 10-minute aloud (13,000 fost) and the wind direction
nt any lower Ritituda. The summation of the componant distances (starting at
orownd Yvro) ttmoumom. tht vi Is constant from, 4100.0 to 12,000 foot. TFh
referenos alirecutn ofmuu wan safleinted hqmunuseit a i'ripancit aioaoiyl o- the
diroution of the maximum pattern intunaity, thu "hot" lino, Izi thu folluut titrv
from tihe Jafnglo 'IN" shiot,
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whore tj In the tiho a particle spends In the i' #Attitude Incremient aind v, In the'
wind Ppeod in that Incerment (t, h/v1 ), For a constant fa-ll valoaitli, ;Win
oqual to Z V1 v,/n, whereý n in thii number of altitude inoarmcnta considiered, The
datA of Table 5.10 give 238, knots (20,6 mph) for 9. for it oonotant VI, The wind
xheanr, so be twoo."'the altitude Incr'ements m and n Is given by

I In 1a 0h1 111 ~ a.8

I

For the assumption of a constant vie the following valuGS of A(min) are
obtained from Table 8,101S58 .4(nt/O t

8(510) 9A94 (knots/10' ft)
BA,5) 9,1.0 (knoti/lO' It
8(118) 0, 88 (knoto/lO' ft)

Thy notation 8%8~) in for tho;altituda rango 9,U000712D,00 Noeet oto.

The vniur of wind mhuar of IKq, 6,78 (for a givon iiArtlelu almo or f`1ll
velocity) givoo the total wind oahear rather than Junt theournoawind shear that.
spreads out. tho vertical distribution of partiolu. lat~ri~rly",(from the dlownwind-
dirootion of the center of the pattern). Minot Table 3),16) ahows thut. the lateral
ohon~r for n Wivan partiolte xiae originntino from the cloud altitudesa (0),000-
t2,000) fee~t) im negligible, the only caume tef the~ raeIfive liattern Rlirdad fit the
relative nhwu' of particles of different iairmi an they fail through the lower
11ititudefl.

niv inttrnl sprond duv tn changon In v, with iiiirtivile mlmv may be ropro-
;Ontod by VIC, VilrI~~iaion( Vf 1', A y with vt 2:41n. Thu dopumition (it pi~rWJiD com(rom



11-9114 It-,I lu I A i ld IflIVO )1) IW U0h (Illl II~lII It I I)Iii- ll ,I f~lhl'11 1 111) Vi t) 11- 11 ii Id t~h i ll

Vf (Iv ' .0 tuiniiKv (I 11 1 o' 1)4t1KIIIJ l') will I'uItIMUl Ii~tll 01 jfl4 111 o fII of ' i ol~l-1 111t 1 IIIIIIII hii lo
plPh rtiomi~ Ill thu o u11411,10 IpI'outimi houiirtvt b'y 1,h10 IOli (At low VIIII~o ol'O .\ X) will) 11
omotio (1,1111 Ai)) of approxi miituly 29,11:104,54 at,' 0,4 08, This rittlo I vory no~i,
tho v11.u11 ol, (V11 -*t)/XI11 OA1 I, for the i -10' ytbld that, Is ni)1111nort Clrlin tho 1.0ai
Ing hi'niu-ltnim

Thu fallotit pflttui'fl lar t,10 C111100 0.1iivo uhat piattorn i'i Olma 111 1110 to
ikirtyt, Chu mAUuling IViiiflothii for the mi-irplo fnlu-ctur at~~ yatom. The

irtiole fatll tralou0tory oomponento (in rulatlve urilta),4ith irumpout to the urn-
timittoil pnattuin ountor (or hot) line for Castle biravo wind%, nnd for it paptlalo
mizo oft ihoutit l0 mlorons, is shown In 11"Igure 15,10 (The effect of these winds on
the latornil sproad of the dorived pattern for the 10-MT yield should ho about the
smme au it warn Cor the Cqxtle Bravo shot pnttorri which wasn usedc to pmtab~lih the
moil-ing tiymtom The lntui'al Puhat, Li the F"igure 11,10 plot Is d~uo to ahlangorn of
both, winti spood~ and dilreution ovar-the riuigw of' altitudlom contal"Ing the alottd
(lit 8-10 m inuto". artur dictonitotial)ý

It litseeun that the maxinimur sprunAcIn particle depoultittn, Coiul from
altitudes betwoun 5fl,0O0 anti 00,000 foot (huight. of bottom anid top at' aloud), I$
ujqmlvalunt to Lt ihuar angla of about 23fl-itho tangont or Olls ftnglo In 0,30, This

*value of the tangon~t is roftonabiy alaos to (YR -a)/Xn far the I O/hr lat1 hr oon-
tour pit thu 10-MT yield, whiah to 0,461.

If, for thu Castle Bravo wind conditions, It to assumed that the smaller
Wirtiolam fell from nltitudem tie high as 100,000 feet, and that the fall trajectory
comornountu (for all tho smaller partlolam) atre proportional to thosne of Figuire

- / 1i, then the maximum downwind dlrntfnuro at-which the partilalu would have,
I Iancld fo r a .aIngle w ind diroution would have Wean wbait, 2-n timesi givator than

fo h tgjatcp III ht' _iur _,6 rdrsahcniin the value of X for
tho /ra 1 '/h Vontour wvould hnvo boon no moro than 1,200 milas Tar
10-MTI yield,

Thft~ raltitive pfittarn oprand and ''equivialnt" uniform wind ohuitri for the
Rmfnple. I'I'oui,-mttifng systam ptittevnwo for wiuvori'a ylalds, tire given In Tablo
n.i -1.tm IN nt.0vumtlng that; the relativo pattern sprotid _(Cor tho I u/hr at 1. hr
conotiltu) IN about tho wimmo for both the u ~nnla 'IS" anid tho Nohtlo. Iwava fallout
Illittornm,. but 0h0 shoafti Mt0ufinnmm bjy Which the auprcit noouvuir.ud Io vory dif-
forovnt. Of the two shots, thut manner In whiah tho shear oootvrt'ud in tho W'ravo
mhat, is more Illco the aamunuod uniform ltartrl sheav mood by Puigh omid Chllialno



SI 0' U-217 I II

Uh

luS

C6S
101

11~ A"8IWVAV4



Till 0 v 1,I'. 11I

( . ~~HIMMAIIY (111'I'MQUIVAr.&INT N'UNt Fol NT WIND
M1I! 1AlI 10IMM it 11lANTPIVI P A'T '1t 111N MISII IIAD FOR

'I IT I'; HIM PTIM IPA 1,IA 11'V.HCVATTuNa HYSTHIM PATTER~N'"
(W4/nd SHpnod of 15 mliph)

Iý() (V1 t)XHNv(Imi~mlo/ I Oil ft)

tO0 014
oI it~ ,2 .1

0 ,Iroll

tt~ fuul Ino f MyOMMI~n ti~it ll mh W fluI tto, I 00%

niuilt I pit o by .0 fl to ulfloit for 0111,11111I M111ohi ng ond 111411iumoill

olhotllofii 0 omptll tf iii) 1,t1(ll p1101 1,1'fM mmti hoC t'nuiipovlt'u, In 11 jIirllmM Wyil, hy

Ow1 ()11( diffto-unoov Int Illo oni-oui1uit7ol vilvitttn With dInwnwnl iflul 10it111w or tlio

grm fuP (illiIit' MOO 1'0'o S1111l'lu'' Inl 011i ('ul1til.~tI H11ttlolm,



A vnm a'vifpI IIII Id it. I H yI i I k Ill I I I Iv I mly u V r I ' ) I ,111 11fi HI I, 1 1U111 Ahi I l - I (I I II I Io III

hituol nn l'(mom)TImiin(fti rihanpm by Owh~ Noin~tIcil Aoudi my ol' Suiuo
WavlinW ~i'u on ;Illu.lnu, mnWitilm In :10111 (MS(1I-NAM)i

fl imodal cloveloluocI by meo weamhor hurieiw (Wti)i

4. a madml dovelopod b~y tho Air i1lorooc lfltoligutIoh Culditur (AVVT~N)ý "nd

j . t~, a moe (w 0 vc~hiv poct by tho RiAND~ Corpo1'atc)T (1AND),:

klomipuring of Iniloul, fpnttarI c'omputitflunm Ib mcoano ni *tho I'ou"Oiam mo
wilhi~l n wlycin mutcwdnrd -intuislity oontvuriNmi It T ~IMy Rood mo -Ihnd hcwum~is VhVc
Onoid~ied upons itro not. vory moni~Iivo tcj Wi~n Ce pCod tip winO mhwtr, fiit-ciau~ii
this~,tit I# pouihm~ej ti-so-tv -ompyavsthe frallout Phltturnme vi91autolIld Tor "t 1111-mT
yield Pitri'moe detonlittoh tdct Il mph wind ipolod hansel on -then moetl givern in
r~Nw," the WE1MIDIMO ld m ol1 h0 OfM04111 dovel apedi by Andeursnun find the M4111pui

The wind mheat for~ 1,11 INW modele to unapeoffluhd rwi' Wu WME 0 -i-im I D
fnotful Utlm talen at 0,1 -knmt~x/V O)00 fti lar'the Anders on *i tuclc the wlind *houi Icm
Me-ro; andr fnr'tr $4j Mg u j)p fiflout mailing smytom it to ROmit OM 'knm(,m/1iOn r
The, auprsnspeete y1rber and Tloffiter~i kamfor at -,MT ylold mudmici
-- du~uiin 1RB-mh-w1;nd-upeed, anti R V011`11,104 Wind shear af 0.2 Utnntu/I( ft.

The Armsa within uat-ad Conttours, tar Uiot twti me'im ofatodamna'srvni
T IVIT~ hM;141 the on area ~ox Arm relative ýto tho Wm1i('AI MtinOV~IO Ainto fl, im
onnrmmon0 -obtoth muta.

imvntmid here iimu for Omi mhorrv~eI Immimittlon riiat ii 41 loot all"Ov plan rInincluding-
atI-rritin attenuation fautuor of 0.7fl and un Instrumunt rmcinncim fCiitir nlh 0,75
(nlthe WRIMfl-RM] modol ittird tho minipl it'ilaioni mondi~ng Mynicir It Is rno hiti

from ~Tho mpu~~itiourromr, whdt 'the' villtic rq thempNun v In'nilu ki pc th IfI NW
Find Andermiln modeclm,



1lA'IiC Wi" AIIEAM WITH'I fN MI'A1iIKU MIANIJAIII] INI'I'NMI'IY
('ON'Tfl11IM HICt FALLMUT IA"'I MSO '11I1

V.1mM YAIII()tlff NVOJ)PI4  Itl'.VAPI VPI- ( ) I'wrimP4

ModelDemlP01 nn I J jj ) 10

A 10-411 Yilid, In mph Wind flpc'o4d

IIfl I iIlmion)

0, II

wandr 1, 1- 10A
AI-TSIRdII mh ip Aed

VAl knt/Oy fir VhertolNe
ISI qhs YFIOM AA dw_ *_ -t limp l , tma uln )

WWU-NAAS mad 1416W 1(17,

3mwmau o ofe tro wV4011binma the tl'wl tnnhigt'ru tr atonluit w4hp intml

non~vtourumI 1,1% vaues (hartl Iviu se to Inn bis n-Ah WHnr 111M hIffhruivApt,1IN-

hixtent Iw tiwl wn';i -h AM"I nodt- Azmina110 MIMt.Us 'f1(lw-vift m'p~tiroimlnuuns



vnilui of Ihv i ytIrt-ulimt rllni Innontor C0)[111 1t10 IllN IM KIa Iv' 1114 T-'1) IIP RTT)C('(I) Ill
r/hr at I hrt ptir KTI/ni13 Ini (tmplorpi' ani9 .lg I Miold l1lnttli 0,NI Y111r1111t1,1, tho
k-111n.108 of giT c (1) 111 ''(omflliptodl . roill pIt' tO1,1 in k'g in I loonm toi Ill' (Ill r/hr aIII

1,461) for that i'1NW niodel;
I ,500 for thv WVI*XJ1-It MI (1 010(101 (vo ri-ent it bty 0

I.-11.10 for flip Aindloron niqftfl nnti
I,1.130 for thr aIMplr'. fat lout "Oallng "Y411,111

Fo)r the othe'r IpnU rnma mnrilitrcla to-Fa~rhrr ondt Ilaffor, li' fill nitielm itt

2,5011 for the W8MQ.CI-M1O niodp I
- -2,I4fi for tho W!410G'--NAP. nodal

"about 2,0001 for the WTI model 1 11n11
goo~ for (lip AMCIN monia-____

Tho low 'l4luo of R1T' for the AKIIN-ninnlt muggoilt" that It upplien IIIoan
otluvrtilef tonlnattoi ra~te fnd Ihat It Inculudem tormin ti ttenutlnlflo iind huit ruhimil
rosponso faulorm Ilh-o highor-voluon of 1RTT)for tho4 other, mool npr~dtINNfi'tittt tIIV t'r
for fallloutI deposited on an Ideal uninoth panpo -if thin In true, iho ai &nmpnneblt
ivaluo of RTM for the AFCIN-modol, on the Iuirtnl pinno, would lip Maind 1420
r/h t1hr The vnlua of KMfC(1) for tho siraph' 60tiout-modril pntlorn, fo'
the' htoIv smooth pinanso urce end n 10-MT ylhid, would ho about 2Aif10 r/hrillt
I hour Mor KTtnitt 1)t 11 fnot,

Thc' varlinton of the ykund-fltoidpill pintir alandaird nnoltuniaty wl~th
aownwintljdiatanu' monng thpt ontor line or tr (nilmout plittorn, for siW#'rtul orf Ili
WWI lnutaitorlm, Ill plottod In Ileguro , 11,7, for in I 0-NT ylvld maurfuirit detontotlon
rissmingihat a Oil niph wintatnond iind 100 hiorvent fission vleliri TIhe' al nuule In 'lnut
netlSing mystiini tiuid that HAND mond"lan tire olnl 0 I1 wo aiethouin th11t prdodlot 1111
ohmoervoiti flownw i d ma bor peakr

.A portion of thr higher' Wei of dooereamo In thei sntandard hitonmitlos. willi
downwindl tilstnirito, ror Iht, alniple fallout xvnilhhfg oy51attliv, mafy Ito flue to tho'
highot' alogu''a of vu at InnI 8IwA ' lI-t moati of dit haiImghar mla tidi id Intetoamit tm Ili
flip firmt 50-9 111I t11%tiowliwiluil, "Ild thai high rolito of flf'('roast' Wl~li dllInt n r, im
(hii'to In hri htghi'r frtit mat of thotf 100 net lvi y fniilpI Im lHhiving iimavnlna W iltit
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litr~i~i U u~. Vto u v a~~v, fovt tho AVOI' N I N iotol 1 .I I m I. fill fi tv otl M1111,111',
dhtttoototua Ini thll Itvltiollto f ni ttutt ty with dnutiott(11tt1Ii pru'tlnlt'4 Himl'

T110U O'UIM) fl'~ 010 Wl ITI mdul 4 mpl iow fill iottvi tylilli.1ol til u tudi L'It ta
In wh ich thtt III t'ai;~ fri'LLIioIM of li thu tiv ity aire on the onwli poetiolomu, Tho
davel~opmont of I'laloul, modulm for towor find balloon detonwtIQlS'iil quite likely had
sin lnflucinou on the clcvuiopianl. of' tho WD suf -biM.fallout model, Tho
WSJWM-NAPI mudelocurve Meni imnplies ai largr fraction Ofthoactitvity oil the
muinullur pirlcilee10,

Minoo tho mi~mple fallout scaling myeter lIN adjusted to the Castle B~ravo
fallout pattern, for which the yield and wind conditions wore not vary different'
from the conditions used in the ociioulations for the curves of 1Vigure 5,17 ,Iit
uiippoarothait the A1"CIN model does not account for enough of the to~tal activity,
and that the WD and WIEG0-NAS model. give too much weight to the activity
carried by the mmaller pcirtiolea. If facitorm for the tApe of moll at the point of
detonation in'. takens Into Paccount, theme factaro could be reifponisibic, foil
"nmpof~ i the indicatod differences, However, naoe of the models explicitly
consider soll typfiil therefore, no explanation of the differenao on thts basix is
pomsibla.

Further work on the falilout dietributlon mr'del* nnd~their connection with
I - he fallout- formation.-prodessn in disoumsud In Chapter 6, A thorough study of

the early-time oondenrxitlon and other dynamio procosapo that take pla;Ice during
the rise of the fireball is required beffore mignifloant progrems is possible In the
development of Improved fallout models, It is clear that, when differancos of a,
factor of 10 to 80 augur In the cal aulatctd- stunda rd Intaholtiam# one or more of

the modelsIl has been poorly clallbra~ted -to the available observed fallout dMt,

F__
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10. Andurson, AD, NoL1iflg Reolations for rallomt flomac~idAtu 1PLUerns fr'om

lamid gmrfaoo Nuolear tluruti, USNHfljt-Tij (in plibllocitton. 1901).



M. Dlefinition land Vie~ of lonkratt~hion.to Contour Wit.1gi

Thoe ei ontour rntion nrc' dc'flnod amn thi of,kt of tho ir'1106%IlO (Itolity of

soma Property of fallout to the iloInivut~u~h~nI rnto M foot above an extendad opon
firt'o uoverecl with failot, the thrc'n rallout, propertles of moot Intarout in
TRdlologica1 ciounto rmni~uurep arai

1, The moon of fnilout por-unit-nrop,

I, The nuthber of atonms or molo. of finaion producito pnor unit

VI The fraction of the weapon yield deposited per un.It~ nre&4

-At Ri given loootion In the fallout Pron, tho ciontoun' rat ios for these
qunntitiom nkro flefinec-by

M _ Wt

whorna M? t) Is tho Imams tiontoIir 400~, ITIi IN "loan of, flallntoulj 1It nt orognt n
the lI'iftovflo IPr (t) in the fission pronluct or nailvity vontour rotio, nt, lot the
number of atoms or mioles of fissiIon prorlucitu pot' unit, a ron., 11), (1.) In the
rrootion or ailvivi' uontmur rntio, VD IN tho t'lno ~ui~prui n rou, iint



xKu wiv'l.~ i III' H~ilii h V III(m of fit14~o vo4if ,1,11111iiihM OHih4N pIvINNiIII)I
omf141 lo (IUIN it Ciht I~t1)iii fll IIIUil ii ltrl Nllm (141111 M I'II-ii 01i1vtt H, III III 11W lIflill.
linnonfinii (i'th im W014nI flip-it avo,. poi~kO~llifi~~ x111 Iho ivill (I' i 1 )a'? Id4. folIi~,lmI 'I-111
I'hapiao 1Nfiliaoili 141,0 nuuu m rgry Iin Clio doiigo o ti'0i rnalimil o 4portnionmuiM ii m ii

myntIhuMI ~ud fallout matari at., Ii Clio opurdfoinal lImv u( raiiluu I4ologiti (10411or
mawsuromýt1I anti Ini gonorml avaiamitlinn of ratlioiogtoil haai4IU(m I IhIm fathwtf

Tho raverma proo~divi is eqtially umeuti lolowladga of tho (Itiunliurd '4)1'
phlymfoil beuhavior of partialam or of ilha fiaoihopob-rlotu "leonlant lipi 1 fillIut ion
(if their murfario danifty 044h1, thrloughCio thuiontorir rntiflo, hoa optsoviiIid with Cthu

I invat or the radiation ha~rard. For aximplo, decmontamination dot~k hJOa.ul On I.1w
mais of partialas okn be reawily oonvertad Into reduotion Ili radlritlo'ioImild
by means of the comt~our. ratio, Una of thie contotur ratfom and. their kiall nx
fumlitinn, allows extrapolation of a niodamt amount ofupr rnta ia to
Innumerable operittoral cases huoation the onitour ration ara nol, von~mtm~ti
they arelJ~ohit runatiomm whoen value depends-on manmy vradaillam IThus a xmi

A valued of .MR, for Oexamplo, mat lie Amaumoaatod with niAny valueo of ~(t).

Tho final umv of the contour ratilo. In toa permit mutiniats"M ff ms ý nod _and

1Fb to he made, for use in radfoiogIoat countermeasure oper'ations, fr'om-
(liuorvaittoiA of' Lk t). In such ontin~sla.eadditional Information im require(],

4mong itorh wtho p&uof tab tle bifi've a roltrumants.timat addthe inal t ino -tir' inuadil.

van2 be itida, hi aroatrm. of the ca. ontour Ratio on Dot ~o~ithe only mo~LtlW1'

11coatima tho ynilau Oontolir ratio in Invarnoly propnrlnioAl to Ithu
mpaooffil activity of fallout, tit. valtiv nr rangv or vftlucw mlust dapiand on I tho
ilotint, of rodlonotiva niataraina protbitod in th.o flnonitoimto Thu f'iinflon pr~illouii

yield Is propor'tional to flW whaire It 11 Cli i'Al to nf fII~NlnnI it]. filiA yfriltt hounno,
ror Itho uisual atimouint of I ndlitoo ci vii ylia"4.Clio toltal I Mt11740i'iIII. froml Nl, 4.14___

*t,(0.)AI'(In S. Vtixiflo
4  I' m'(l) ui f nnI W i /hil hI~1 Ihr-Pq AiQ1

wtwro q~ (1) Is tho gromm tout aitionnrato fratinnaion 1)11 u~ivirhi 11t 1.1+1 und Oilmil
Im tho tiaito of Ilha lont Ault in raio from m tnorn oat yluldti f Indut4114d otIvIlo vIii4 i
111141u I il I 44(11, l ~mn Prod(WtIItH (11atil 1tC 11+1). Tho u ItIIilpti t , ri.46N`10"I.' rP 4l lti

V102



I loit- ttivi KT/u /HI 11, 4,4(l itt' H an, IE' l4it I'l 1lipe'il~ r IMIIIHI 11111 t (tiviunil ontui'hlitla o

EI WIIJIjMiOvil MCII LiOvi I'olil1ltifl1 il vii EIO'IItM IlI'll polAWifin (' dolotiiliflioht. trini III
Mornio d(IOW10 oil 1,11 hulght, of huirn tind (in (11( Vo tluup 0, 11, Veoi Oxanplit' It
T11 Ip Very muiiwili (t00 ikfiniflon oif Itlit' Po-oall(Mi 'c'inn'! I-omhnh I then Oiw 'oliti~vo
InluouMI nuitivity YltIld riould 1-1 mucoh llivhor t~hanI i11iflondhiod by tho (1,011 of
T' , 0,41, lFxcw for the ptiamihia flujiaMndtio of rw (1) gand Induciod nativity rditto
Lin viold. the tottil nrof ic uwlhV~it, of 114 OA4 iin di~routhy gIwoi~w loon! to W,

If it, IN UNJIUMed that, thle totnl Ornotet mitipm hoonmmam unifornfly mixed
withi the radloactl~vv mlitevril in. the fit]loul, form ation , then the expelttid
ij~~mucniu vlueoot M,. (1) should be glvolý1iy M,/(l~ ()xAren) whioh (from lFqo.
8,1166 iuid 0,4) to

11) 4- 01 oi- .91 r/hr at I hir

'If, oil thol other hand, it I in mumemd that only the moil that is malwd.
-at -14flfC, as in the base of thoe4dcl murfitoo buirst, :beocmneu uniformly m Ixed
with tbi 'ratictaiutive elemntsni, then only the mass equivalent of ihv illQ) males
of liqtitt moil would be vonnidored, The yjold dooendenve- of this quanttity., frrom
Table 9, 11, can he represented by

no I lux olO~ 1 OI rni $oil _(36

nn tbv Rvrvqeuth iiiaoa r-epprsuntoo by--n(. ) -should reul~t In, in emxpeated

rnlilmuni value cif M~ 1 wh Ith to

A. NAW. ft (I-
Mr 01 )Min

___ ~+0, 1I9 r/hr ot1 li t,

VjmTwo tMn irnil-n vwlupp of M, (1) indioate Willt (1) the dopendenco oil
thiwi totiil -virld-ahinld lie rtihor simAll, (2) the valueos aire inversely, proplorltiirnKI
jo) IbIp lvtiti i fission yield of the daliunntion, and 411 the foal vailue$ VN
most lilhly 141 11- in thr-2~nga I to 100 (ni%/mq f1)/Ir/h'r at I hr) fu 14 WI1%
i'campeo to tlit fravtinn of fission yield, TI, the type of weapon It %a*parfily-a
morr, fi4njMrlantf pitramr in datermining the value of M,, (3) than to the Viold
itstilf, 111vonme both nwlttd and immeltoct partiole. sire found Ini fidlout, more
poll im Involviid lIn thlI.'Mliloli formation liroonca. thiin Im hIiulom~iod hy W)I, 'out: 0%
nnmomim Involwid ahnnid oorlrtalnly he loma thon thFAt rvniovod Crom the whole
(nppI)IIHIt4I 41114tti'-Or tV~en Or it'11 Ilnigcir yluld whereV titnuntInhly no Praler lip)



I hi iuili i t min, ly n i l vI dic nN i l~t'l Ni w ii-ith IrluwIillitInn11 th ,It , i l-(1 ho w~i tlh

v iii 0( 11 ,W) ilov'id, 11w i'df 1-llm Iv ( iiifl ll !nO Il 111111 I'w II¶iii (.vil vI,9 11fitic P4Tl MP u wI t
111I. , i lim s n( i) in KT' 11mmoowith i 'd ,rn IOIItin cvi R111w1 l oll mf,. W I) rkv liiPi1m'

Tlit' viiamiuot ion M,. (1) wt(Ii flwiiwlmnd (HMli-noofrom AMn poInt k~
humt cnoldr'red In tAv~ nf tht paiilciht. group i. u1 parnnivutr, o% TEo rjili'viiift
Milo9 flpeflna i rtiit xv (1) in .ItmeNignatti.Or 11( (1) for e'vuIIl~tton 140 41 flinclion Of hollh
ni andn the yfold, Appropriato valuom of r,,l) alorng with obsorveri vtaluvo of
Mr itAm iin iuOd J*o Ovutaluot f(o~).

In VidIAmninlng r, (I)i the 'ammrniiption to midoc thilt rn nhjunminnt't of
Pialld mifrfnc' 0~t plviniolem) to pro pent Iin the rmiIn q firobll and plcidni "1 11111
ltinws to rNoilftntv the maillemmittim of thim samrou' rdirlacive opt-'vivo, With
IIthis Nmnlttin., I1 honninnlvla nf. .anh (9ilonlili poidmoonud d1uring the Rewonnd pIerity

- -- of Oomcnntlono~i Mpy ho 111tiutmiwlto IV ,11 micthod cut linA' In (iiApflr 2, In thi,
mirmjl~im prvwommu where o-11 the PsOI tiles iare. lm1mv, mt. the "dnd f the riost period
iof nondotmlm"1 rlifformcoim in the r~difat~ilvP rn~oxfliouIi on lii' yiariloum

-- pFIclemo at W tatoy' tinie or-ca #ciur onily It mom'6-eif Ili4"m~ttrI "l arr rernnvfil
rrami hib vco1itii I'wfoi' further ioandionm Onn otx'urtoi 11m Ok~rtmL1i Vhit rumnimt
in fth Vrluffiti tho lt'mcapt IiMe, IProVhilili -A IhAr" njinio a~r o AlWny "Pr sni
will Orr irc1onume morc of Iho vnolAlIP radinoiqeive eloenionim In theo fmillmlq
foninftlcni pmweam, where Vieto rgr pnitlelem mro fmhilft out or lonfvinxflit 11
Rium Vohump itt uvnrlir Uniou,Ati Trilotfmn tiftoleni Avilnmble oetivity I-ihn Is
'IoflolEelowEd on P~itIVO ilueqf VA IA it ino rmA AhollIi invarut mt-wit limmimn'ni nK

11nrllnWV Plm" IoiarP thr f'n11otim of lhe totdl i nuviy tondmemond q3 In a Alvrin

vurvil MA 1.1norsn;Ao 1.n R SIAI-oi1 RITmintfoi r Riio Ihpar1.~oi~ile tu, or valm,
for im group lnf linfllrm', Hunh it reiprwimemnlnion mminl,, t4mOnpwr filimwriil Yuvitii
of I he frntin tn nnrh'mstimv !I'mA Ritven pIm"t, Stl ew bul mmy INu irn h Ivenl WIn li'rm
Mh nn ilverngh'. vniu'min irnh ol ciht'iv pmiwit,ie jRrmilpo.



(Wing fiRt., M(ond o riviwId ()f voiitflit'toni.IHinii flw'I h 1iinni'It od p InII'il's ho1VI'
oIntertid 1111 I'l4I rId I I etivv It hoII (1.011 hVtn I'iI V Il' t w i ' I )11i ngi I 10ii'u l l, 0~IVy (111 Only
vofliindomor vito nil t oiIIv nimil iktil a lnot pI'tiV rniuily Intifdno Moil I Inlwevi'l I'NIinh'
U161110 11111101111 PioVtkIo00 loll In thv 14111lu firi'nr it" I h (31,1rn l 11 potI.-0im o'a flit,
011m11 Cali miilor hlii' nvol'. ii radicilcitilvtil C101nipo1II Ion fit' thu l group Mhitil nti 0
IV 0a1"nNOd, Tho manin Offouat of the propeaueu of thea kimolled pani'tuba III
tionidtlanig "avOcl [fhpt romailnng~ vobotlin *'nlon' wdaltvo motoriniol In to volitiv
tho Piialuol fvittl~vitv of the wholo grntip df Pnmalivi partilvau

Tiw fraoatln thint aita nuitaldo of n ninon chain tiondullptd InI Cho
oubnod pntrioi of cotinadnhnlon, I,. (A). im opt lrniiictd~rorn

(A) ~ h/j~ 0  (- V ~9) -

In whiph Chip firSt term COntAIIII thp parnmotvlv vnluvs for the fInst period of
"Irndonua1,1n (a00 E~q. 1140)1 V Iii lihe firehlin-1 or cIornid volumvato t" -O.23 t Ia lit,

nuilhivr of fisfilon-maose por Ratotu'-KTI yfQ') to the uiumixur of o~toino pur
-fxlaon or aiaemnn j thitt are promnih it Ct' 0p1 to the aubtiniation pressure of
eeetnetil 11; ind Nr(AoVi Is the ou .bar or 4toma of aipah element of mam h~
A per 1' j fi-spions not c'onconsod In the float, period of condeansation, (loony-
correatati to V.

lit other word$a, P'JV/1.1,11 Is the number of meowl of olemant IIn the.
vnpotw uiin.to nnd Q.2IlMWyf((V) is thg total.-numbejr of moles of tho elemient
0*110twtd Moil In OXIal onue0 at 1.0 The finit term gIvo. the fra,0tton0 not condonuicd
lII the liquid pnA tlaoie. dttrIng their existaene, and the seoand termi give. Lho-

friolonIn-he vpor-attothe lffrene birg the firaction condenmeud to tihe.
111111 idtne on or.In tho mlild particlop by' tho OA1ubjfilittlon prouoi;11

In mittktx thu COMPUMMIlNn (Or re (A); thoe yields OU 84-KT and
14 -MT-waro melooted oinue the Poo (Al valuum were a Irwady-avail able (sog

Tableh~ 0,111), Thp-tInues of the begitullnig-of the aeoond~perIod o~_uondonsatian
pro I1 iuconds and 60t SecondslI rappectlvely. The Intor tnintu eioeuted RrO AII08

anhMtt nntl4 aand the a-KT yield, and I'14 noecon isd. CHI 4W1eoundo
(Or-tho 1,411T y~cliL T'he mitt-lime paintO were dimWIn-hn proffidturrns
at t(* lime when the top of t~h. ,hjtout Ir' nonr i,~~ fai- tho roapoatlve yiet(1n Cho
lpgor Itlon for whon the ploud to noea tlmi eOpan1UIn. Thac rointively Into
timos wocr-#elaeted to utoonptlfy the oamputattnnil of rý, (Ali In both canne, tho
lomporaturps atl IN Indlnicatinivimo, ohottld Iv lWpm thoit 3100 Iit 3t0*K, at whhich
finillt, 11w saond Wirni of 1141 11.0 lit. t,-otntitly rx,'ro for most iluainn pno'duet

01!~ WINit



tihtut Io" a th riwnl" t11ilt.tt11,11 toin 41111111 mmo %'/yl ( 114 voilulio~ trit 1-tovitwtit
III,( MI n I tI thKIU t'tli W1111 I'vM htu wto PupI,, JA ilton illy Th u nl lr wn
11 ,IndIIvt.n r 'ln lvilli tO HVl A m 1111iilmw h~t ict~ h II,(, uWuptl thuv~ illi ~'Ilo ItNMi

ox idw ( if , MO ui ln A o IN w I'o vii'/yil 'll ) v vu lu.of 10t1 o101fl Ilivn H1r(' oti1il 11i ,
P1100111111Il l .ht thoy wintlil 1) wi l r ' o bni th Vtlol m V/0tttt;'' (11 1~i ~( ) 11".oti

Winv vino)u 1i than Co iiivnI)O With1 thupool uit~on , i'. Tho onl fip hu 01,1Thitt

oxidom~o, ohr Sorc OldnN Al,, frtoap/ (A') I lmomu of hIn" Cuo, n10" ilrh olt1110v
(mttnd ol-fil 1,tK41C Ch~ly WOLld bu wtirily hol oliuvh vion thib .Nurtau,, (A) clthu
rnluy ollum o os. th ic. onAul, Wit h tuau umo ohiit..thct fmaula wEqt. (I oho Coillpovnd

Rulun1~ For Clomrnrrn in tupiu'Lcio 'rh, r (A) k van oluci zorluntw forth u Indtanto
trimiufo and tloi'lwdKn~lmWliond ttlona-ni' 0u1m100111 ni' n Cho -fill rfvcm i h

T1ho indvpundunt nuvlldc ylvld data for the valtimIntlIonn warti rvad
(rain" plots of' tho atrni-yialr N foi at' chit niwildfo onloudntuM hy 11aoti'uiiild1baIllav
banodl on thu dlondonin Poutidntu, andt a wou t or oIoutincionm for ibot u-wanf fisilon

lUie .rrnia-nu'pLi'o~ii0 and 11-238 f(union (St-Mov noutron.m) wagn anica, v'or 11-2.18
riamion, thii calloulhilons ware anpried otit all closarlvlm in chiilaptr 2, 1"orT~-235
flissin, tho nuolidla frrwtloriatlon Ouni~xivoworp lllitiplitud bytCio nir ionilvatlcn
ratic. popr ftnian/mrg ft at .1 foc'I nlmnvo It tjtlirflmky contitonrclnau pifanv, no
tubulit1ted 1wv ýM 11lu And 100) ill, 0,111~ trlnuitom and 1 1 2-hour tiftr _ _ _II-ad

thon .mtniniar.i TI'I luflim oIbtalnud bY 11111 1C Clio ti'~(A) I'rnotionat~ion number.
werei thon atddud W~ onoh of the surms roil t~ho hattr tinipm abtalnviod by the rbilpvouý
Ltve re (A) mots,' Thoilu wara thon mxvd to twalloalo Nho onnutants of

Worto 1 , Im tht, nilt Inntxot tan ratt tit Ill l, 1. thu Clio mv-Inio-W rw h U. vo na-
Pihta fwi~t 1ift U, fj'0fjj IM4 1 'tirillttvi WI -1,19, knip. 'I'11V t'i'it"11wo vl'ulttiptLRI Iotis
all(. Iltwil tll i'ntjl i,W I alonK..wti th I r'viil.Inn nl* Cho lon vat ton vton tontnilngut
%to to Cl1w tttd 1untoot tinwits dri~fnud lby thio ritt , Ill (vandvniutif miii lNuti) /if,
(110'v1nIn tutXtuino11), roil PC% (1),
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Table 0. 1 (clni uiluduiI)

-4- ' 14- MT

400a , 'I Il 4 m

0 0 ()

n 0
X-, 1 o 0
Xo 1-135 0 0 1 0)
SXI-8a' 0 0 o 0

-. ?0,4i/I 0.077 01300 0, ,
C0-108 0,907 0.285 01012 fl 0128n
001-l119- 0,000 0.988 DOTID- 1O, 08

Be- 137 0.476 0,077 0.09 ,.076
Ba. .-1 0,008 0,90 Of 908 0108
SR- 140 01863- 0olIe$ 0. ball 0 558
,. 1,4 1 0,414 0."414 O,009 0409
" "a-141 0, 144 01144 1) .

L -140" 0,8018 018641 1). Ur 915t8
l14a- 14 0,418 0.418 01 fit) I) 0.0M9
La-141 04 110 0o1,0 0)
LA- 14 3 0.015 0.015 0

COa.141 0.418 0418 010I0 10.009
Co- 147 0,014 0.014 I 0

Pr-it 1 ! 0414 0.014 0 0

1-, till , n I

l'lnr nil Nuulllclki not IIitad ,~ r-(A) -0, r,, (A) = 1.0}

Illin



JIIQUATION f1ONSlANTIM FORli Atlit IONTZA'Iifl)N 311AT1H I'7M FIIM 11,711 TO .I~ 1, )1011M AFTI' I1I
VISHION ANDI) 1HAUPTOiN cir'li rITI l l'AT, I ( )N1l/.Al'I'flN HATHI All' 11+ Iilt IPIMM 11H)N

P110f1VOTl'IM ( I)INMOMMID ON PA11TILEMl1'1 A'IC 1TV IVN 1TTMlMM All31' I'1lt l)Il'NA'TTON
OFV AN RM'I~~ AND) A 14 -M`I' YTtHIA) LAND 4IT1t FACMr' BIURNT

Monru'a of 1'M~inon Product Mlxtui'o L l V
MI Noln/sqtt/

U-21n (thormal noutroins)
Nnrftl Vllmin Pod1iicuotM~tr 7, 1uox to 11M 0
94-KT, I) moo i74x1( 4  11(1 .114f

M4:XI', 23R mooR 0410 Ax11111 0.7110
84-NT, 400 moo rml, i-k010, 111891 0.794
14,.MT, 00 moo, 2 5040 1 rrM 0,3l41
14 -MIT, 174 mo: ino 1.1413 0,711
14-MT, 400 moo 3,0i~x1O1 t.139 0,784

2, IV-2T38 (9-Mov nautrona)
Normal Vlminson Product MIxtturo 0.9ofixO 11 ,0114 1.00
84-%T, 1)mo .a f. MIA 13~' 1,107 13

84K,188 mac 11 1.157 01900
84-~KT, 400 moo 13tjXID 1.i31 .1
14 -MT, (10 moo 21.0011 0.1149)
14 -MT. 174 ilea t132xl0" 1111111 0.704
14-MT. 400 m'0' 5l,04M10" 1.1(09 -0.S110

Two rlithar migniflcant oonoluolonm aibout tho rildlonaliva orimpooltionm
of fallout ara Indlantod by the reaulto or tho oomptitationm (providing thin naimmip.,
tions ximarl Ini nutting up Ch-olo- R if aOn Ware hot 11napproprtnta). -Th firut con-
altuminn in tlint'ni lrwge affoot of yiold in indoantad, oithor ror tho lgron$ fraction
Autf-th Inalk-ation' iitofr oif 3.3w numbor of fmmulon predvat t tomm) codoniilmod In
Aho liqluid pinrt~olrior for ilia totial f'rnotlon conflonnud lit ft 11von I Mor 11mol, Tbu
mooowh onnolumnin im that In Ingot falllutith Clio olm' frioalion of Cho irInixittion ratti
at I hour linm it nmrixfmm Mauc of' about OM, minvo mont of tho particaio fatllning
In Cho local 'ojionno will hiave left the gain olourl by 4003 macIoOCI (0,9 mmintom),
The vuiluom of n vitry from abutiinIl to 1 .41 howovar, JihOm i vnltiti iipply. only
to 1110 ahnvt, ti m IOtuiryall 0,76 to 1.A hoorN, withouit ooiinmicoraidon of I nduced
ziotivltivii, Tho qiifforonnoo in the vnIici In 1'nllo (1-2 hutwoon tho twit I'miino~
otiolidom nro i'nthor pramll.



liotr NIWIJU(I (t1(1'111111 (11)ol Iwnt (10PWi,1id MIIVO1'0) 110I5~l~t~l tii-T. Y10111 H~ITVi
C hziptod im I '~I hiiti I U ofl 1,111 11miiiion I. dooitnl myI ho11,1 (1.1, T~ho il. liii' Cor 1-ho a

MO loutol (21(18 U nil 174~ Muovond r) U P0o not till t1t oa Ii ply good p ho Ioolo in r ohili Iii Ig
cliffo ronona In the (blloy ouvii am'll i runotion (fon ~ivic~luti(Ilmnto u Inm unwovo r,
Cho (rllffrrtpoli,1 shown oatwounl tho nlifl;.ITO ftmo ind 400 (HInrondh nr mnamuunly duiii
to tho not giium IIn conitunmot taro grnm rhulgi~htar profluctm onl to pu rtiuio Nmfunolm
for tho mdjnthodtf UnIm Into rvnl tI WN gU in IH vatho f ril II 1A ~lnl ioN,

ilia fra t IonntiiLon numbaisilr rointivo to thn Innivatioui rattv from the'
iioimitI flimiluII-protIut niixtiiru From thurnitil flouit-roI fl~nuon ofL U-~2115 niro
givan In Taible 6,4 for' ho cnoni(fmatilono fit tho ond1 of tho fIirit poiioi of
condonnatlon nnd (it 4013 Pociondo. Tho fnmivtionirtton niumbo'rm in tho tWbIo-n-wu
not the~ ones aipplicable to r (t) beonumo they inoludo dl~fforaonoo duto to fiss ion
yields. The vaduos of thb. fraotionrition numborm, howe'var, do Mhow tintt tile
fracotionation nunibor vam:vnry by ni futor or two or more dflurLngtho MOU0ond
period of aclondensationi (I^1 an a lunotlonr of pavtlcilo nIko) find aftn also vary
with timo nftox detonation ,ýdpondinj; en the ielativo muhunulanaen of tho
condellond radionualideon

In fill tuala, thon computiltion. of tha puirtiul0 Ilizoo, att tho C% vtluos,ý
from the simple fallout nonling Nystam bnued on thle pnRtclulogroup lal,-itmom,
when aomparacl with fraotionatlon dtatof orifferent- puLIticlo groups of f~lilout
from test doyloas of varioul yloektn, Iniclanted thotan time dulay Of oonsiforablo
Ion&t muat be taken itlib liocount before the oomputod r (1) vnimem tirao with
the, obiervad values, Thum time delay maly Ila rwueolatterwith theo air oltnoulatiowil
prooumaibly teoiodal, In and-About thle riIming vioudl

In thin type of airoulnitlon n-duaadIn Chapter nl), the pqrtialoo
AhtorIing flhe bottom of the calud (or those within the volume whon the oireultition
bogina) nppareantly vanononn out gnuooum radioactive elemeni. and small
proviously inondonned patrticla, an they oweep thuvougli the gos volumef The
lnoror ottivtiolex ciroulate o ttho adon of the aloud, arc nuvalovatotI downward-
and then Vollintinn to (nll when thd pull of gravity OKUOOdIN thu upward fore of
the aIl P 0 roulating bn~k Into thle buttomn contal, of. tho flrabni. In a ol 'uroutiton of
thin gonornl type, thm Conndensations thtit ovourrad (it a given tinir In thin onOrhtnI
rtogiol or Idie aoIImlittllln wouldl ho in evldoionn onl pirtlulos whose nppnantu exit
1,11110 hilsod oin fi'uo fiul I uoil Ilia boutloi of tUi uloutd I ,in I11 fnulItur,

F'ovoil the tow (Illto of Ch1a1t,0r 2 find thle towfir Mihot (Illit of Ilufoua'onu
th, htin'bpt Agt'oonliont ho0twoonl tho ol'i ullIiltie filnd olimorvodl ,,(I1 ) va 1i~om uuild

tho oh~olrwoc thawo of U~IrVII at f Ugivon P1111tiul0 Mim roil 1I~ IN DbtltliB~d hyIW ilhj(
it (hoiI y -ti Billul f houl, IM MouaOlli IM Cogothlai Wi (ithis-h Uppi-fivent 11ido of HiMO Mtluri i1m



0(A 1,11 hAT)I'l'm IflN1'AAI'1 N HATI'I'M OF (J.NDlWNH I'll) 0IiSIO N 111lfll.W(1'l'

NI X''U I (Hl'II.N4IJ~ (8 014I11Iv 11N T'l'.I~M) IJ1MIIN' 'HI~I 'I) ii

TI ivin A ttar Iotuuit h~o M-Iff~I .(~(

Yoirro P11)8 I1oUV6 0mud One mou 4001011u1 Ol mull) 174 Nu ml 1110 mit-

11)1 1 071 7l It() 7,77 11.411 7,101 7.78

L.1 04 8 1 441 .1110. O,o( I,( -N 111111 - 1,114

8,40 010119 1670 It at 1. n(17 11 711 11711
ngno o I Olin 1.0 (7 1., no (It 4'1) 1., aill,0 .

filto0 0,874 0,0"[] 1), 0 4 at, 111.1 0,1014 01Olin
7,no o~~ 0.409 01.49P 081 '1 1,

IIIII 0. 1117 011881 U,61 I 1N10,1t(11 Ing8 088
10.,8 (t) fill hJltlo 0,180 011010 0 l ID. UI, Ina0
(11.8 LI) M144 01107 0, 11 o? (1) -81 a, 17 a. P . 117

alto1 --- 01.1- (1) An8 (1) 1111 (1) 004 (1) 1 In (1) 1011 (1) 1011
it; t 74,1) (8) 00an ý() A(80 i (1) 0910 (1) 1I1n (1) 22u (1) 881

- 107 1.01.7 (3) 500 (1) 14n1 41) 1413 (1) 1101 ( 14111 (1) 14111
7) 1.01, (8)3100 (2) 040 (8 .0) (- ) 110 ( 8) lin917. (8) 11.1R
/144 200 (8)l0~ (8) 0489 (8) 043 (8) 0511 8 40 (301

AA 111 40 (8) 11.0 (N) 4W7 (8)(417 (8) lol- (a) 497 IN() '187
a].[8no 0)o (g) IN() (8ll 88' (8)1 41 (8) ON() (8) Ab~I

Do 0011 748 (n)inon1 (8) 176 (8) t78 (8) 1,00 (1) 177 (8,I77
451,0 1.087 (01) 4118 (8) too 4I t0) ton (0) 078 IN) 1011 (9) tun

017 111040 (0) 800 401) fill (iI) 070t (1) 411I (0)),4711 (a1) 0117
107 410 Bon 40)108n (a) 8001 (11)801n (0)8(fi1l. (11) 81172 (I) o7110

NON6 40010 --- (o) 1.10- (a) 011 (40) IUD0 (1I) 1.117 (0) 19b (1I) toll
0not 7810( (4) 4711 (4) 1100 ,(4) 560M (41) 408 (N) Ilia (4) 11001

1110 40A 10580. (4) 17o. (4)OD5 (4) 101 .(4) 1.80 (dI) 8o1 (41,) 884
LIN1( 0461 88 76 (0) 170 i. (51) 1 (a1)1980 (in)18il (11)Iwo (il) 11lI
00,60 1057 11,1o01 (a1) 100 (1) ali) An) 8600 (0) Iwo1 (0) 8118 (a1) 64
0101 1(067 oil not) (0) I7a1 (11)14 . (11) gig (fly no) (0) ON1 (11) 111 - -

n.1 ' 0I An 7 1,7(1 (0n 8118 40 () I n4 (51)0 Im I io i 0 'l(11)71(8 (11) 1511
1181, lg071 IO (1) 104- 40) 0114 (0) too4 (1) lot (i) 7111 404 Ilia

170t (0) Ipii 10) 11(1 (11) 01111 (7) l(17 (11) 5111) (04 (1INA

811.7 (7) 01110 (0) 488 (11) doll (7) 1(117 (0) IA 1101 (0 o~ I

Vio(1"m 1110 for it It, ltial~nlufli I ' ul 8lo In If)'" r/Irpll' 10) 18I1/ i t, (1 11 (1, 111uiY " ItI nflrl(.I 0lk'ill 11l1111l
till LItfll'inly voulituh InflhlituI With III.) iii MI.I'u,

1) Nu; 01101 InpvlljiVOol8 i n~ W~ll aiumbui' of K011li 1IIV0 ho I1 ll im OItvl'il po111111)1 mill 14181( ullNlt.
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'l1lll 1t, ,,

HI"A(TII(INATI'!(N NtJMI'01Hqt 1`011I 11-911Im (m Mvv NlIP'll!WNH) I"IHNI(ON I!)~ lr
ltl111,A'l]U l, T() 1i'li, NORIM A1L M.IXTI'I11,; (14' 11 V111i 01i'il,:,lMAI1, NIN'I'II1(iNH) IFIMI ON~t
III (M UClff T F AM (V A LC ITIAW l1 ) Vf I, II: 1 1' ; ,NI1 ()V, Tlill,1, I Nl T'l PE, Ill (f )(. , ( NII, U N

SA'l'I(IN ANI) AT,1 401 MI0(1 A I, 'I',! M1) I,'P(INA'I'I( :

T'Into! Attoi' I'ulotninlti " I 8l..lI'r 14-M'IM

YI1,a 1)Ry10 Itioul. I) moo 400 mNw ou (I U 0(1 400m

0.1,703 0,3 12 0.77S 0.- 0( ;0,774

L/ I 04 0.0 7 07,711) 0, 1st"" 1,00 Wi__ i ' •' 4( 41, 20 . ,2/I o, 71111II.W7 o., 7yi
__ - ~ 1.401 027 .0 0.1(' I 7 750!1, 0,0949 1) ,7111 0, O. 118, 30

alto, I(I O, " .I 0, 481) ) , 011914
71 . aI( 0I,4112 0, 011-. -s olul ., 0"M8

_ _ 10.,2 I 0,4(11.1 0., (,41( " O, Dag) ..
'01-00 1 ,10 o ,(). ' 1/1, 0

1.40 114,8 0,0' 2 0,-84 1,01 10 01 0,084
2'.11 dill (14 01. 0.070 0:.007 0.0)74
00,12 74,o .,, ll O n, f0l, 1151 ... 0,1071
4 7',,'1 100,7 0,111 .On 0!0.1118, O1 IM.
0.10 lot., (1,2) 0, O490, 0,1108 , 90,4.
08I, 2 1101,. 0, 0 0,1101 IN 4O, 0,11,1

1111.1 ,1 , no 011 1, 1,0 2 1) 1, 4H 01, OH.o
0.--11) ,1 •17 , *,1 1, .0,82 0. M (, 1711

01.1 101.. 0.301) 10(110 ,(10 01 1190
on0,1 ; t (1 , 061, (1,000 1 00,11 Ol I ,1 009
.. .i,1 9i 1(It, I Do 1.0160 0.1411 1O, aI

- ..., [1, . 0,01, 1.1 1, 100 1 I., 11MM 1,00 l .
2011,4 4,00. 0h021 1.07 0,1180" 1 l047

• ,101W 7, 220. 1,. S 1111.110 I. ,1
4 711 o',0 &1-1~01 1.2810 2.5 1 nrug11101

IIi 80as~, -11,0;1 11, 021 a~OO 1.D2 2,-)(, ,,,94l i 0 , 4.,900, 0.4941 1, 17 4, glean a LMOO

8.1.(, I 201,1 71,I700, , . 0,904 01 117 0 . 9I9
w,.0 o 02,11. , 01 870 fill, H 4.), 87H
17, 6 • 0. H11111 (r, II, 1007 II, It1t
I ,1.!, 7 ll~i _ I, Ii 7i.I 7I ), H4 0.t7H

I?, Ii o, Ii~~~~~~1 1 (t8,b~• It~l• l,•~



rII'IIyI.-1l,o14 FMhoultd hei dopidptlnit oil lloill y~odIIIII prl~'I' Iilono-ilm, (ort 1,114 (IE'lle
I(IItt nt101'r f1I i'0 ), 1111 fnrlnlo Itiinh i I~n f wnim W 11 tli1timl' VAHIIeth ( onuild he 4'MfibIIImIE'tl
with lii O Wu nt Co unio milt (' ((Int aIII ~ lo TIVIIII111 'hci ioioro. I-l toM141114, I'-111 hi n11y IN~
timal to out11imnt. fill the In1 mpho,'valoca for' onb (if the odnain Hff(OlI tne~ls of(ICN0
TOM"hl OA,2 Tlhe 111(1 n fitiu ons of tho n, values3 tiorrompondInpg to the parti'iu Ingrouixn
ltonving Min ft rohijl or IIu I~t t0iO molontod tiflini for file :180 motlionui dolity
ii mu, ar o hojwn III Tnhle OA13

('oMmr'rATl'ON OF PARTICL1 E MIZIP, PARAMuwrEioi roll VAW11011
flQNDENSATIORTivMre n1 'il,~ niV4-KT AND 14-M'Il Ytl V1,l)

L1AND K11JTV-( Jn D'r'NAT IONM

Tinme V I,'

1. 84-KT,z., - 2.8414 ft

9 I 1.OliO 104 (1 0,84
a13 2. 21iXIO" 11-411 9.08 10.1140 110x101- `0111112_ 0j 2 J 0,40 jo 

0 IF___ 
_ __ _ 0, S20 ,21 _ 1

9,14-M'Vr,, - C,09x1'! ft

174 I 4OlxlO' 0.18 (1.751 I 09
400 j 4,0x104  j 0.7101 0,1194 J 42,0

'rilo r., (1)-vitloonst Plote d I iOt~ s an nuoiumulitcid tilptrihution Ourve.0
Aitfuinction of o, , In Iriglure (f.i the riottind line ApplIPM 41 ioan"itter Cnillout

(Iissl Subsection 0,11.4), Tho slope of the curve for a' valuam botwoon 0.3 nd Rw(2A
wtLI dottieftilnrd with the aid oft asom ob~scryod fritotlonittion dt (I~t n iovaria
Aingto ntio1Idn* V-131AIvul to Z r-and Cc-.144, A m~ngle eurva. wou dr~r wuh- _-- _

the point* t in Idficiatha nt, within ths unpost~lnt1@0 In the nalnulnttonm andi data,
no roal diffoporenus in ihe funation have o in elltnablInhod to make vortitin that, Ulf
*Mall differenvom aro due only to) yield. As Ia ho moon, the 0aIu. rVO appeaRsI LO
appraotih a v~ua (if ahoult go pornalni of thu r/1hr alt hr. iond forr valuu.
in oxexsi or Io0n.



Figuto 6.2
ESTiMAJED PIFRCENT OFe THE FISSION PRODUCT ACTIVITY IN r hr AT I HR rROM THP
FISSION PRODUCTS CONDE~NSED ON PARTICLE GORCUPSi WITH YALUV5
(15 MPH Wind Spoodl LF55 THAN A STATM~ VALUE!
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''livu nnncv.1i. of' the nio uuinIId utud dl (11MI-ibutt loll iiu evu Vol, IJV filst utio ol
tito tofui rod iotuulItl ht' uiooldu'iirnd Ilp to 1 Riijvon ti iiio I%"~ it i lum t. loi of' thu1 poit-utulol
groupm otill p reonott in Chw ol Y iniv IN 1 viti ld otin irt- opunlooivu of theu aioiureuuy
with which It olin ho oilntlolitild IV timing tho thurmiodyttario dictitoi tind the dynain l
aspects of the fulloul, model, *'lhI i-iu of tha distrlibution ourvo In n proolna way,.
however, riuqulrcu Information iflintil tlu nurnher distribution or hOn pitrviolu
withi runpput to both thoir silmom Oil thv frivatinn or tho activity thnt to oaillod
nwny I*y anh mixe group. Imtailss or.0his nature Ptill nount to ben worked ount
before Matisfactoirry Osltilmatoa nonn hu midt iton o timitnupi, trof th i,eviouo or tI~v
or Or-~9O that is fitmoi mimide of oikeitivivo oa a givon PIPO find the fraultion tht, Ilit
oouideiiiet on thoir oxioriorm, Tho anmotunt. or irnaction of onaah nimlide oil tho
i maller pitrticulan ciopondo on the fr'action of' tho ahatin in clumittion that Is cuarricrl
away by the, lnrgeor ptirutlolooe

In tho following traultm~antx of the ditta in which the distribution outrve
is Used, no Accounit IN mrido-of tho fract~ion-ofihe-aut.vity (In trnymw of P/hr sitt
1 br) thati. oarried away by the larger particles. ThO imiplieti assumption is
.4 the effect io mmliacu to the large abundanbe of -mmallor pai'tolou reloti v
to the larger onto, Vor the groom ioni~ation ratoes, this ammumption amAiy not

inaruauuu rapidly to itbout 70 percent aind never inoron~mom beyond about 90 par-
carnt for the aimall-partiplu Xi~ps of Interest,: Sut Oven if this iN the case, and
the, affect is smaill further study Is needled of the relationships -mentioned above,
to outImate the Cnto of minglo PRdtionualidamu

The-curvii oft Tigurc U. was umed in conjunctioni with some observed
'Mr, (1) valums from Operation Jangles Rhot opool to astAhbluh tihe dependence of
f (a) on a Thu aalaUlation of the values of f( q) from the ulatan is presentedl in
Table fi,0i the values wwae obtained from

f(a) B:54XIO10  ~r' (1) + 0, 019, Mr 0I WO.' 0913 .1(),

The fallout colimaetors netrest mhot point coileufed conhidorAblia
amounts of debris and dust from, the desert, kicked uip in the vicinity of tho
collootors by the bliast wave, This ektrAnecou ýJrt, nccount. for the excooudingly
high observed fQa) value. at thost looations. Although it In likely thalt all the
recovoiered gonMPC p W WO lefm~no nnc Iucu l~.thoamont. collact'c" ahould
halve dcra sed111111 with istance4, fromn shot point. Pince this sourve of fluxt would
not contribute to tho fallout In other lumm deusirt-like regions, nor,41t tho s1.ame
relt~ive diata~nuoo from latrgo yield nicontirin on, it wotild be0 ie"Irable to elimin-
ate fitl contriutniatn to f( Ev)t unfortunately, there are no menas rot, ust~inating tho
amount. of oxtritueouis dabris In the siamples and foir norrotiftg the total mams
to the manns of "Pure" fallout.



('A IP1Vi IiTI(N 01i" Ila 1110IIIM M,, I) I)A'I'A l"1IMM

MI. (1)

2110 24,000 0,1382 0'.474 0.428 0,100 0,11LD11J 10 1dO4

8130 015 0,410' 0,0395 (1,55~0 0,1350 0.100 7.91000 0L
1,1110 155 0,510) 0.080 UPS11 0.113)0 0,200 1.77X1011M
1,720 i0on 0,090 0MO0 0,710 0,2913 01272 1.5x101o

140- 5015 016813 018110 0. 7033 n0090 0MOD o'22KI0'O

20820 22,9 0.804 1.04 0,01112 0.1029 0,381 4.7ox101'I
0,040 47.9 Oga 1,01) 0.070 0,087 0,400 MA 0,Ul'
n__ _ __i4N 111,8 0.024 1,18 1,052 0,4030 0,440 7 sox 10'
rifloo1 25.00 0,00 1,201 1.005 0,4483 M,07 (flu~x1' Ia

fl,010 :17.1 - 1,0 1,97 1,10511A70 0,470 ,01"
7,400 17,0B 1,100 1,08 I,805 0,n25 - -0,044 (1,0SX10''

12,00 !~;0 .~fl ti~0 280 ,010 0,070 001

-. Tho vitriati.lnn or the funatiolj, f(tv),. with a arnn ba Indiaumudllo n vory
guonrnl nrirc of wny by-MRudigii an 11huiogy, between whati may noatir In -the fallout.
fotuiiiation prncwmm to what uoliuld ociour In ftn ildonilIad condensing gy"tsm, If
the Ident1ImId *1YA1te111onneuluto of It group of muimpunded dropo in iquIihir~iim with
nl diImmoiV(d ghml, Chol cmiiontr~ln ~nn the onntionoini; nK uiuhnulc he the ouftn in
fil pneirtl'4o whose diamniter to larger thftn R tow tenthi (if nt micron. Fo'r~thipme
partiklaiu. tit oonoanitintinn Is 1hiepncl~dent orf tho ipartalm dliamater and, thint-
fureru IndsIponlend(3' of iii. puimmstitor, MV

* In n myularn whorc W~theprtlIVA(Ieni' rap ily Vm-cudarli ntdon~led i ver
slahorl. pt2'Iind ol' I-Ime; only Cho murfano of Ih niuimhanglnvtem

Ittriicli thrin Cho .omo m oiy will be mowltnd)11 hmn lur~ur IpII'ilo icii ioukl, in 11
given Period of tim,, clon iume 11i11untm oif v"Por that aI'V puoportional to 0011,

M11* UU111U IDit q(U'OiiftIT ir l(Iuir lmi3turm,'I1 Th am roullu, Ahnuld occur



porIol Iof thnlo to it IIII t'fori (ohunont ritlmim 0ofIMIB(I OBS Ini gnP4, t.1it rottin (it' the'
pant~t olitim Inne tthe 11lmount flondolntiil (in oll-ol Im,4Iioe (T11/11) pnlit lil (1) reolw il
cooetnnt aror inallor l1iquiti partirilvo (2) he Iiiropolilunil Io *thojut~ioiivlo (141-1
motor, fl, for the tArgor a fo-il.pikittuioux and far' ill!. so(lid panticiles,
and (11) I~naronoo more rafpidly thanto he particlo (ilamotut' Cut, very ltriga paritially-;

mete a,'iele"

Hlowever, In the. fiilout formtriiton provemp onme of the imimillui'
liquid particles can romalfl In the gas voltirn. aftor they nolirtliy 1 and vanrdnonp
maiterial on their ou~taaea Iin adition to that contalned In their volumomi
these particles could carry rooreaiutivity than would be indicated by (1)l abovo,
smaller particles, With ditimeter loom than about 80 microns, have terminal
fill velocities proportional to the squaro of their ijMator (Itoksot Iaw), For
Theme, the partil. -diameter Is propon1tionnl to%&/Ucvý esnce o@ (a.I 'mixture

of eimall Mfphe OI(Proviousiy malted) and Irregular pariplax, the ratio, (nd7 -- _

should not decrease with iv mnore ratpidl~y than does 1/V~, If the amount cdf
smAllumnmlted particles that onter tho oloud itt late timnes to large, It would be

___-__-- ponothli-forn Rvea age valueo Mat /a) tatunly to finoreaso with (Y , For,,__
palrticles with diameters from~ 4bout; to to 1,000 miarono that have fall velocities
roughly Proportional to their diameter, thoir diamoitor are firoportlonAl to
Vw/fl, , The dependence of the ratio, (rn/a), for theme partiole, on a should He.
betwoen, being proportional to tv and 1/nv,

If r( ry) roughly follows this Admixture of behaviors# it should Oecreasem
very vapidly with o, at low values of AI also, its rate of,diiOi'Ase With tv should
alsa decrolase with the value of -cy. At high vale ofcfRvmy dlecrealts 'slowly

___-with cv, have -a. constant value, or even pass ,through at minimum and Wnreatss again,

Tah Figure 0.3 a proposed cuirve for the varfation, of- (cn) with tyIe
ahowni It is bpsed mainly on the Jangle "I'l data, The slope of the curve from
evwo,1l to 090 was determined with the aid of einglewpactfod leat-ivity data, of fallout
from low, tows'r detonkations -where the opeoiflo activity was rojohly proportional
to the diamitev of the particles and, tor larger slams comparble to a' values
loee than 0.1, Increased loop and loos rapidly with site, The line from cvw 0.0
to It wkm based on a geometric mean value of the plotted Wat in the range

cv9 0,ta 2II An ll- o i i s vel maues o r M f iirom -h i hr y iu I&d-ilouiat lwam
whiah, when corrected by' upe of rnq. 1. 19, gave a mean value of f(rV) of lx1lO"
and an Average iv value of 90, No data were avatilabl ,far esrIUMting fjrv) At (N
values larger than 901t hence a constant vAlue of U xl7IO wAn apssumed for ry values
larger than M0

rhe lank Of 011,ailable data for establishing mcvi" accurate valuMs Of
f(rY) kt the higher n, values in not of Lao much concern for many uses of f(c v)
because of the lower levels of fallout that Rar assonlated with the smialler
pqtrtivilwi, rhiL% hink of riots Im rsf munh morno onnoorn In evnluating the lonmor-
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TIhe 11tln'11pintI('I ii Cq tI POiM r pmnrtiltnm or (hlie peopcmeod fuinot Ii n

x %,~I10 w,~ -0 * 11 g/fImuilolu, rv 0.1 Ila 0.9

and

f rv 7,qoX 1.0'' ýfV Ji690rij/KT, of

S. '64x 10" 11 0 (1 69 0 JI1IM/flxmlon,' rv 0,9 to ~0

IOxolO' ,iig/Kl', ut'

7, 1 4xi 0 "a~ niglfimuion, (Y 40

in Ohldi the wind spood ampnoiatod With the (v viliwuu in ig)Vrokinuttly 14 mlph.

The gonrawl olpintion inr optinuttingK M,.(1) for A land amir~rto horirt,

Icrum tho aOnve trvifmonun ti thu data. Is.-

Mr~~~~l)~ - 0~vW. OH3 (ia

In whIah C(a) is the ideal (or unfr~atiotisd) inverse uOp64il L ~lvfy In int/f~valon,
D(1 isiiiiii~umtflrvoponiso ralitar, o- is tbaitervnin atitainutaon Movtor, 14 _

is the ratp of, fllsionh t".outot yield, r (1) to t~he groom floulan-prorluat Ionlaatonn
ratc-rractjlanatloh number nlI, OIl ,,le thel true air Ifinimation ritso Rt 1-10 pit
0 rust ahowre an ideal Plane uniforinly Oontaininatod with Ulu radtuanualidau, fromi
a nra.4nraonsI)mixturo of fispion rp'uuo .ltit a murfaau denvit~y
01ulyalont, 1. one fCisson ipar mq Ft, nnd I 1(1) in the true air Innlintion rats psir

fimlanoonrthiwiby IndOloicd 11OIIiI0111i.

lly muuhmtlIlUnihti 0,711 for 0)(i), ci for q, 6,00a~w~ (r/hr at I fir)/
(fIooiow/Aq fti for -l, (I)i and OJiAxl00I (r/hr at I hr') (fimuton/sq (t) rur 11 (1)1'
the mnome vonou~r mottling ihinction for tho land surfitao mitit In

1,14 4Ix 10 f((V)tVO*OM rilgh/c ft

11,1 -1 0 19J r/hr to Ihr



grun W hil nr'~ h~ vo' uhiv Ign iii "1 ' I ll ud P1 litil tif N(1IMiU't'11 111(1alo il

of mail Imi thrown out, An thea uhiilrwo dvilth Incrlonsom hoylyIid (,hill poiflit, thu
Amount of moll thrown out hogiino to dlitnilnih fnod, ill Nnoniv dopth, the okpion VII
forno Im~n Inolngur mufiloitini to brook through thil Hiipk'iu of the ground, Whun
tho height of hurnti. isu Inruumod, the uippi rnt urattur from tho vxplon Inn rapidldy
devouriiuiii until no vrotor Im formed,

ifuwcevor, in nuitblnr oiixplonlonn, the updrifft of tilt, following tho
ruisng flrobnlI usually fuftrnn ( uolunin of looi~oiod moll puirtioulo even when no
real crateor io formod, Tho height of burst fit which the local fnillout- hucomem
.lnslgnilttvunt occurs for dutonntiono Iin Which thu riming fliiis oolumn just Mi~lo.

.ýto untah up with tho rising ptoucl. Instanci of opovifying tho requirprmont -for
-- ohtrar~inhmft of nail pnrtIvI~vtboro-h 14 1 lout, WNW givall ATrotbhiI rittikun of,

180oW"l feut ANla 11101 Minimu height of Imir'st I'or.nogiglý,;hhi kedkuutl Chill
liplght is supposedliy Pnoclointed with AhO 1iukght for coiutnut oif the fitrlohril with
thuo 0 "114 nurfoace.

Hinuo the groams cufc ntvt of thu follout foi- murfiloo dotonntkonN
has boon found to ho' more or loon proportiontil to tho niann of itoII r'omovoli
fromt tilt) rator, it matimn that tile mamia trend should of.-ill witkuhankgor of opth
or halght of burut, Thoum Clho valuo of hM'I (1) In vxp~outd to iIneroamin with ulopth
of burst And clooromna with hag , burst. nt lonot If tho depthu andl/or heights
othurot oro not Intego. Au tho dojlith of burst hocornos vary hIrgo, only A omnil
amount of nativity should omoapo with most. of thr Ondionutivity rarrfinlng In or
bunooth the urutart thati whiah doom vocnpO in on very omall. pnrtiuiem which
could hwho flimpurmd oari rulativaly lorga nroas, no thilt no dhigh lovoim-ot fallfiut
would occur3.. lowavar, tho appaIfa toActivity of those very small paz'tilcum May
still ho hIghor than. It In for the pnrtivoln from dotovintiolliil tit Intarmetdinto riapths,

Am the hoight of burnt is inoroanmd (by small dimntnoon) tho 111101n1IPm
ninounts of lonamned (or nitltud) ital polrtioiua would result Ini Inurnnusvin tn-Cli
slioulflu nativity of the toliout. fiowtuv~irr no the height of iirmt, 6innium io.rgv,

thu ini of the pilrtiviu lunt tut n nutunally entor ' thu vloudlIV Iorvilmun . Skillo
thountot MALLnter~ do no tit laiter timun (huuiunum of the u laihl iuvnlvud. And ptilivi.

__ - -- - --. - -- b-rthlo IltTl, hp cvcifiuuti'iloi of- thc' ionflunohr~g 'radioactivity hao riuorunuri,
cluu toIn - titmpanhiion or thelud A'oC ndi floplotinli by vopol' vonioiunoltiau to form
very wraii poolld pfnrtvivlus thu ammint aff r;-'r lo. 1iolvilt uciuinutriri by 1ouh npill
inrtvib I-hot (onterm the' firvubil I or riming ulnuri mhouid lit s mal l Thurolfore

titu npu ifiv 111ti.vit'y ofprt labia ic i Ill Llou aonI fifu lnl ink14 iou ruuunm livid thoul
foirvi~i'IIv am u the kim iglt of burult Ilwi'u'aiu O,



A pl'tOivoioid ir forI'V n( 1111mm onv,vityI loit) MI, (1)M HhIIWI~ ill

*who'Igl MV (10 In ) lIt eIll 010t ieu'i't 1 (fHv vv 1Iol lie iiiu (11ao 1ii'd ethIty tih

h/ ( M, '1/' (ýi

tinrl h IN thoe depth ot hiltivi1l (A4 IN tho ltutklit Of 1hiu )(I ) n lii the( totil nI y to ldlu
H'I' vaithicii thnti In Imintdit ol' TNT tim m14011ily lothtinfI

'I for, 1'I1v pint. a ill K uI;, wom o'ihininvil, from the Mp (I) dittto Of tROfor'fo(o
4Crthe 01w ruth on ditth M11 Piint. by m 0o 1111 I'll t vim men ute v aIlu'" Wi li

tulom tri-li ttw cý'rrnige 'IS" shiot nit the ~umili ilowu~w,1 liu dIieva Atth itWI
- ,. wivihto of Imrst 10ofI'eo tj Iwiitt."Wein dfPtv from Mhu-mpet-1110 aativity

Tito vniuna atf KX itro Potion of flw nlverngti'vlluom of IM' (1) in oruflu mtiieI'ho
rttmalnder df the cutwu want dotorrinhnu ri-ohviiig (It~~lo~ueritr-voti1.,111v duiti'l

Tit using. the prop1oil~d ourva, thet limtlmptIofl in I mplleeho thillt Lilt,
orntar volumo or moomflith, fornm. Cnhhoul, vitrivo no WO-911 for Lill hoight., and
dopthli of buritt ropromonkad by the ourvo, This nitnunption I4nvalidl, wilthin-t~ho
noourftay of moot ornier danta, for ni fairly widea Yariation In moil typo madia,
and for v viflucm botwoun about -100'anid +75, In catmimaing Mý(1I) Cal, n low
nit'-Iburt Or mliallow uinclcirgrounti-Iurmt,. Mr (1) tit mopiaated valtio of the dlown-
Wind diatoncov -it to be uomputud for lit'hil nma yield nuhtrfil'u.ti,W And then,
vorraotnti Iby uNI' of MIi. 0,19. Thim proeodkirn in4 Incdiontuc hvanume K &wilm
deotarmlllod by vumpairinon to tho MV (1) vnalde titt tho manic downwindrl14mom
flowovor, without ntathoctu for corrouting the fallout oontourm themol~evom for
holight or (lapis of buttrt, tho contour ratio i4ý (1) Ill of -lon. Immediatt g~onornh't
ulO thiti Mr 1

Lit) dilnt aIn I'NW, If t it goonmiltnwfd flint (1) tho mani 4f wuitot thrown tip, i
prIohioitlotutl to I 11(I yfeld, (Ma) Kx hlII ol.a 11ot -H f t~it o n It tl l Will-rilit tM well 11H Ini
motil, andt (ni) fmilatIolmil 110x~ing Oh the onivI otillunhuil maIeII n ld 1114M toil
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111111,1HN lvk i. 11 1, 11 N Id i mh( .I llto E NW ,ii .1hA, (tI 1~ nn lvi o

('Ip of i Ii l t i lld Id' tit l In (lot Wl~lt'a %p r (111011 ifl t. f ll l thl X I II ri Lhc 1ot 120-M ho lil
I lm i 1111 I (11o .TIIIN 1/M 4 owhitob, ro hi ur (I JIMl'~ 10(,1,gK .'IlkII Im lloundti h1of

huri'ol H 1tpoly Ivut b-Iy hil,0 111W 111111 111 alilt, In olil P1 po H ru 1ont i of 1 1h qlotnil

111m 1lxhtIE III, ammumudl tIIo wial tI0pvoL01tuw trtrw up or 1 ol iloMilIlo Ili ut l i it o

Urvisam hui 11 nd of vH,1uth flint ap rlign of tl c o rdo fat( fo i ti fallou.
____ uiot oucurm-Ni atl-c abouto 0 , tion, ltte Coilnaulatltmixn of Cho moiplovn p hodu wt

Oulintur ltd clvotonatloniM 'rhiah from ot' purur 0,11 aond 11,q MMlon foun-th wto h
mollr thrwout oinal men ator, alourt parto murfaco waorburst~, vh ratapodnmatl
mihxing rtmu IInM1u mto 11 thoutI oroughmN nt of th' o watur at thr lmown uporabouat Rt
Rahm wllam n rhan that onf Corm cnutrlacl'tlns tthcrtali~ lmn.

HeI-ol~iV itntao oth udr. rof theAMpero oroa ondunmati) for Rh wntor io.
allo otakon at ovi 011c , verylonttof e f raudroultnlound of tae lmm ProdU (w~x1~4-miCth

itrgr f14i.0H md/fhmmitons, rhin laaongetourid orauo n tonmao fof the watero
huforeiln mthe wialer INo wthor alttprilmaoCrotb ao rneo

-whoud norwonit In mofe tho frouh xInoflullwlominthur falloth foIon arodunna

'l-aicu 1rHoe norf dratonatron ammtiurse iomnoVq forun theIW-voi r shoWd
wraumt thaln toliIJt Indepo Iclat of wur drlldu thatotin a rnonti mt actflt 8Of r,;;K

- -- Thn~'oI -p~uttlnorlarIN iutmov ranrnc u~i~oniir ~~() ni

0.1)~ ~D atr~ III [t00 1o dote 1 flIur (I.) v/1 imtl Ialu hr ai

'ytmfrthu and ufrutiatibunt can 1w ltion 10ud uto pvidu -ttidlo yI'UMmimitof
thu allor hnaut 3ruom fFo v wtr lotor ildothna Nhma garuorm upurimiitrlof

0.0 atui mIt - 00 lov clfuotted line thf viour o.9f Theimple fallout t non fvoiwuM

Il)utilc hutwoon tho 11111(1 ind nuit typun orf rotonaloOnm fot' iulgo yluldil,

:12I11



ILI,11iV uLm VISILLIOL of M it ) liiii Ill tlt't'y, I ho~ 511111"M vuI.II~IIII, ' iitti 505' Owlf~ iiInilli of is
III igil ytilv il'l v ottl iiitio l t ( II h I 'i P I Iii'41il,111 l 1 4'1it . I'0m rdittiv N 1,

M,. (1) vi 7l -77j I 5 W.lt 1-0~

Mr'tX-WLt C'I'iplulyMN S Orlkd i.y w/ll (ms t/MI- mill. vo/ (n/h v L. t i t I .hi'), l,11v III 11

140110 aupthu I'l in falut dIroprm skppepuotly (51.-11 tnml of~ 1 tho d Mlimi liii I'vtut
thu h high tilt liii III Ill hOw soid mi tf1o th rough t~ UrloI~whorvU the. miuhilI icsiti ot
p 'ti3M tpAIS'L hof ,1 wiltur ill ri'thou l ow, thuo C1hmig.v Sa 'Inrpu ~ with itluw' IN
p s's ihly vinthor mlow, Al tho lowar and wantmor altittidum, whoilu tJLU pSIt'itiolm
OXtil Ill th0 1(lq1t140Mt" Ue-1-thli oithu grow hitugas' or (uc~roamuv ~IIIk by
uVilpoviltionl, dupl]IidIlilk orl tho rolative humlidity of Oyi om~ituvrrimuIg hills' TIRIP,
010 t~rub valluu of M~ R.) for Lhu cr~~gatou ould ho alimost am low tto thu
2I/1 valuu oil vould ho OV6ý) lurgolr thnn tho Mi/Pl vrilltte1 --n dry (wilirm)
dtna~l~tom miifd ovuvt land aroiOl whavo t-ho M,. (1.) value of Clio suwlvlg matovtiil
would ho1 low, the t'00;llutopt~rtj would et~nd miuoh firtrhor dTownwln~t tban-
wouild ho utitmated fron tiou of 1,1hul"11 f[tn I'ovlr.~o Munlting syM~mivl roll 11151(1
Aui'fakt dotonnatton This t~ miniply bouaotuu tlw dsrplaot, fluorciaming Sn plex
h iVonI n Sty 111 tho nuut'ord ,wud o-~reht ~oturvtNsfuM ~lI_
dimpormud over ii largur arca. Undor thumu condlftlne, thu delipomil, kwulm
wolild atl ho fluoinosuud,

bottm o th hs'hor1'1O~tnnEtar mt~isl~n~thu aopou, or ta wurt itr In th

tronm tho nimpumptiton. of pii~mtpoirclo ni~xing of tho matl and watur ctontfttnpsd in it
MIJOt ol ssmsols vd v n H11101' i~ .v 0 l CIA~.-

ov i'uI o tooi Iton iwh, I'hilh ths-w~tu-r dulpthid -, ta-"ns1 all unaughixio tho i
it AlgOitifutitt 11-movilt. of bofttom inturntl is ruitmivd, the orntcer flopth1 nsIN
flaaucipuru I'vomi the Nsl t'tttci of thuo Wilotu to tho boltotm of tho ot'iiur In thui hirbOrn
bottom", to ILMNIII1IUCI to IlpIiwofluh tho ari'tu s' dupth of n datuonatiton In dry motll.
tVming Thu dLatit of INW (11.413~f) for t II hin ~ourfiiu riotollatino thdci rator depth .1 [
gtvuli ily

VV t (f ,iS



ittitrn' I i ti ll, 1 ,11111 0iho ' 111c l 11in 1' tJttu i ll,(0114 It I.h,1ilt ja14it i i11 ( il, II-lt I

u'oiv~ll1 fol itp I h I I tI to t )W ttl I'mi III) tI lit I'OpOi It looll tyi Ii otp It N - li JH 111 1 1 t'1' "I I
MNO u ilmu h II ru l digh-tl¼ III)HtI )it (1111 tt Iuir oHHI I l~oI ttw i 14tothultC t h(1,I h.

dutottl nit, clil IIII- nit ,1hit fmo rn Ow voiiilh conLit t w ilum ip( of it I tr

iTo mun cl (iii tlt' tio Illxn 1o th o m w ofi tOw thu wIo of thc-ivII vollinot fro h hit i'Ow bolt o

ol,1,1,11 K ld ut C th o noltu nVu llom f 111ch l p U.1 vwtuihhhmhhng tholi pu ontt 111 l lndl 1inu

WouIld 011111 'hl flo iuvild on I' ttT10 vo ht~i t1*otrho tu1Momo it in wcd mol Chiwll two do1,11iup

t~iu, Avv I'll' LI tooiply 0 -l0 P11,0 (0ot' 'I'it _____________l onittivlt ri.11-11
wuro tit hin t co do i lwo II'lth~ ht iv po h n rni t' rll inniya Coth o w r 111-Hil n

ImI41 It 104'dl~n u~ (o r hvt-11 Ilnul) tlit, of 0 1 wllt wh nivio I' mohiilaullIty till!
flcutn o lw utlull, h 101 rtmot. duti ofiiu watvi' Inomwtvil Invivi t ni4itilmi inr mirth - _

(vtirntti on whuithe jv~ dt ' 1 1 w o r C u fWu1 r mi d oth imyoo that evlo v it Ivhti'ticti 1w O ~ tdiot i t

ouv i'tint htOlip Ioo r Linis MI unity h 't molwere ttw I i dwl od iio it
(iThe. )en III t(d v nlat)" /at (I, 4 7 - (fto

_____ Ill rutmum 0i"t thpilA"14 ho l tyhi 11 do~t of thuniu', l Clo hlll)( horn tomut d,. Wthmt thin
- - utllict vy 01in oul I ('it We prinh~i' rruvbot ri 111cvvtthy -111m -u"vdi

- 0 I (nh& jr. )I ?a I ~



rigure 6.5
PROPOSEDi CRATER DEPTH CORRICTION CURVM! POR THE MASI CONTOUR RATIO AR
A PUNCTION OF THE! NUCLeAR SCALEO DEPTH

100

4

U100lo o

ICFTK)IS



N11w X111,1iu' (1 2 1# h0iv1141 Ii((¶III i ith II 'llt Ilo(t i ttti on, it~ii

wvhor 'nu1"(w). isit Y11 y fldopeifonilnt pitninieltmii.' thifnt' mgm. kv ovi luiv~ino from I
ailVHlIntilt diitn' It, w(lI not P(poem! bil to e(lV uIto (il(W ') Crom the datat of FHNI

.p 2 nd~ 221) hanatill, for ytulilm of nhoimil 10T a~~ind greater, tOat ditt
gjivom hitiger Orntatru in it harbor h.ottomn (t~iit mud) undo:' Whtar than for a land
surface detonation, 11vtilnu ouchwi romultim tire not In ci~covrd with olvarwattono,
the datat In 1LN fire presumably oxtrapoInted Intiorrectly f'rom high axplosivo
datal hunae thoy uII' not (11ro'cily applioablo to t06 higher yield nuclear
axploslons, Corrooting some of the I'vNW datat to an aquivalent nuolear y~old
(see Chapter 2 for fraction of enorgy In blast) givuli

d-(-W)--P 0.017W4.4 ft,

rho Appropriate vailuv of d" Is obtained from liiq. 0i.27 for the wate r
dopth at which Q, becomes Pwroi for alwatoi' murraue clutonation thisi Is

From IEq, 0I20, the valuw of dg' obtained by Ropuming the involvement of a
homisphorical voluffe of !vatier IM now 1/5 ft, On the other lhanit, If the shape
of_ a the-watear volume thrown up is ansphimcc to-be the mamn 4am that, of, at oraktor
In .ollf"then ~ from a it i I1n1urea#@ In all tho mall arator climensioah to'
the vol`imeof the Water removed, would be 38WO0'71 ft.ý Thum the value of do'
lomndk'r 14q, 01,29 mugguto that tho ratio of thu rodium to the depth for the
watur "orator" ihormalmes more rapitfly with'yield thrin it dloom for a critter
in dry poll,

With So Meining the xvild -to -liquid ratio weighting feotor, the
liquid MRIN frRMOtio weighting fau1totii 1/(l if U,) god the solid masm friaution
weighting factor IN In/(I 4 1 I), With theme weighting factora, the totaml MuIN
of mnturial for tho mixturo per unit of yield for the fallout from a harbor

_-detonation on thia aurfacioot' the wattor,_i

fjc)nf (w + 8,,f(rv)W 0 0, )i i
+a (fV)O



'Ihni moI irl'-ta-ltquld tinuiuidi iIi, ti ~ givl ~h'l ImilI.loni III tII~v t,1ol limit imi' fi ll,")

1 HO I'( ry)W *0 Oli I

untit thoi IIIIOHm (Iontit~llP PItlOflor 'm thim liiiol defol' iatOOIOio typo of rolliout. Imy hoi
hhI4dfroil1
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ratio for if frvooiwttonnvr rntxuroi nclitilint inuchind nutty IvI(Icm, 1 roo i a Infd
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IrJr 17) 1 -- ' (i/r A t hI, ha q 10P' A (14

or, for tlio Standard V411100 of 1)41)i q M' and 11 (1),

FrIV I 8310 (0,411)
n W [A.(i 0 010191

TIhe frActton-of~rduvtoe contour ratio ham two uoup.-IMiP first In, that it tis
timed to aotilmate the ourface clmnsity of ooniti1tuants thitt arc asmumund to mix
uniformly with the more refractory fission products.. The ueccnid to-thatt it im

,,uoed In aonjunction with observed fallout pattern. when the lattev are iotmgr.Ator
for the total fraction of the weApon contained within a stated Ionization rato
aoniourý. The urse of both contouir ratio. is ilitiotratted In tChaptily 1F, Volume 1I.

For at land surface bursvt, the average oonoontratifin of tho fiminn 3
- /pvowlwtuvittsi W ted from the, ratio of !-P, (1) to Me (1)I this 10

IVp -r-Ac) 0"Pf

01,4 1',14hiage-Cntam Inn tinn Ioactor cohntour itatlo

- In Chinpter 1, t;he foliage contamination factor, a ,warn defined -no the .

ratio of the number of fission. in the fallout an - olueg ýer gfrnm nf dry Plant
(or follage)-to the number of fsmeiaonuin-the -tatal depoeiterllallout, pet' eqf
or still, Also, the foliage iurlaos denlityiw (ub~tt otmnto)wr
defined no the grams of dry foliage par eq fi somii. Therefolfe, the follige."

otaination factor oontour ri~ti ar defined by- - - -

It1,w,, L imln On ijef'Of Noil 0rul.(t4
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where

Ka(I) i90XO,13 ' (~1') 0. 0 ,9 r/hrn h 4t I Iii

when the standard VRlUsM of D(1) and' atre usend. It to neon that MuUplatilMdon
of VCI (1)' by lý1) givie. the numhev (iff11mIalono oi follingq per Muq ft of moll fruroi,.

Tlid "uero"'thnell ~number of atomi of a givon radlonualidoa (at leasnt for
the end 'iwntber of s mass chain) In the fallout in given 1w,

N'D Y r~r(I)1(1(0;,47)

In whc Y in the mama chain y~old lit atoMo per fimsion of mass number A,
toThei-imalorinterest In theo oonntamniinttononiaJy allout-Im-relatetV

tothe fact that the connumptilOn of tho foliage by animals and humans Mayproduce an Internal radIological hazard,. Therefore,, generallmatton. and
extensions of the foliage contamilnation factor data from t"owe-and balloon-
daton~tion fallout are needed fo~r making- eatlmatec of the potential biolojglool-
ILVeila~b1.liy of -the radionuclides In the fallout from other typve.of nuclear
explosion# ancl16r varlaul,46liage contamilnation condltianie, '

When auntamifnatedl folage In toneumed, tome of the ritdionuolidem or
comne fraction 6f eOh ~nuollde ingextsd to dlissolved InLe tmach fluid.~__
A*i remainder" otoe? with th partialec anhd pags through the digestive treat.Many of thf diccovednuile Are uMiauiftthbld h onpx'e

__ n lcplflodnndy organs- The (aatori involved In, this dis3lilbution, anti the
-Metbodm for mitlmAting the resunting nenldciiegvnb NMra
and otheril1

fHowever1 methodo itre needecltor ustimating the atitvii nmcount' ana
nuclide that Is solubl. In'the otoMach flu 1dm1 Hyvalluationnr of the Intern'al
harnard-oatn lie mnde (for ;f~lhl(tvI conditions In, a nuolear war,, for uyAniple) froftt
tho guneralliatfimis of the foliage utmnaln Va'~t tuphe h vatimaI~qm
of. the iolu blittiex of the radlionualidem,



Th ll nfiltlinltil ftit'f luN In ()thU1v li hullY i~tI)N 1,1111lim tilt,1KI ItIII!)l llt. NIIiNl 1hi. ton

Ao vol r~ound Mou111nn1.lv of1kilm 11 firllgoniltyo Ini'lolt~iht o nualirlnawt1l

IlvolimlI thu dioatl 1111 brnt. from 1nIuutvol n lor vol nItoHm (Iinto lo fll'noo ii. ho work'o

If It lm nmmunivi thlit. tho groom molubility of the yndlonoltvIlly Im lho irnnmo III thil
* ulomitch netlm It, 0o lit N 11CI.. Tf thn-oluhla frnutlon of 9h roaf'lVty IM

rief-noi tim Hit). tho nunihar of nialon of fllE ton procluut atllume Ing~nilitnd dhint,
* pnomn thr~oult Iig th igntgievoi Ireut wi1th tliptfctuhe P ld Imgvtol I

pi x I Ila $.(I,) A

Whore AVt In Me,(tII In f~eeina on Iolla;./fti of moU a'reni, tind Ch, (I) In In
fto Of fillIea Ago rnrduy iquwlton 0,48 Pall bo Wrlttivn In torir'e of di./moct,

Ii Stl)] [I A O~()dt/ (0, 40)

whv g-(t~)i In Inft/a~a per flosion at tho Oshle E, aftort Otoluictnlm ft MA~Y he
noted ihol If Co. (1) to defined in trro-oro grams or. dry ruolfto par dlay. W1, may
be olinInated from tile definition of"FIC, (t) In Mqs, 0,44 andr\10,41.

Thoorettticl istimittee of the freotlansl timoutit or linahluhia 1aetivilltip
may be uimirle. friom the data 'of Chapter it it It IN Asaunieci that nll MCI flaiaio-
produat nolUl~dom on the Oxtertor murfco. P. lhv. Par~ulam lu immol-vo in Olhe tampuhi
flulde., Thr, flrautIno not rIllrnrniviu to then l~e y tho rr, (A), veiluom for suih. of-

- the flsmion-prdadtw nualldaa,. 'Il khea. fvaatlonntion rniphmria or.11 retulnflý1ind no
I' A, whore 1. uimI~imtri the oniornont tand A the inrii. nunihov (ianfopm), than
P4qe, 0.48 antd fi,:l cml he wrif4tin no',

* A11C~, iIANA~t)inolas of lm~iti (in

A~j1c,(0 JA JA NJA ( VIn
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If It Im iamutmed that th.o ourfaur donolimpe of tho uloysi' and wheat
1'ollago In tho flats used on Applo 11 detonation ware biighur than the vaeraga
for suc~h cirapm, than a rango of values of wl, may ho suggested. Th1eme arei

Rad Clover 1WjL - lu 25 gii r lw/ of goil surfiwea
wheat 1 * 10 to 40 pi, dry pRAnt/ft' of Wol surf~ac
Alfalfa I . 10 to 80 gm,. dry plant/ft0 of soll murfavo
Mixed Oram"Ss I wL 5, to 25 gmn. dry plant/fttm Of sol murfaae

Wido variationa In Wfrorn thaaQ rriiou Might oaocur In varioms sections of
the country,

The fraption of the total fallout that b -retained on foliage can be
estimatted from the product R Thus, for A WL Value of 30, the fraction
rotalned Is 1.9x10" 1 an5 0,84)j'h.,Table 8.,6 the value of cv at the I r/hr at I
hr 6ontour fartheot downwifnd from ground zero is 2",1 At thtt location, 0 LWL'
is-then 0.0400 or about 5 percent, and the calculated value of rj%(Iý im 0.77,
-H noeo from Sq1 -6.57,t the value of F ~ (,jis L.xOW - (faission on foliage/ft5
Gof oil aroa)/(r/.hr at 1 hrý,

---- --- -1hmtimw vfth# madiaxt Wmiu -aiInwlpy-of paricttelw'etiled
on follage may.. bc made if the variation with upo of the miedifn diameter of the
partiales in the deposited fallout is known, In Figure 1 the'values of the
median diameters of the fallout lodged on foliage, taken from Table 9,15, are
plotted'&# a function of CI. For these, 44110a tb-medlan diameter of the fallout'
particles on the lollGe1j Incarease Wt~th *0 1 thusI the medlian diimeter of the
retained fallout'inorsonse ao the median diameter of the deposited fallout
deorease, -

Olarly this trend in the median diameter of the. retained particles
with 08could hiot continue UndefinItily oines at some point, when the diameters
of the deposited fallout 00K6r0tics eomne Very email, all the part-icles. afuld- be
retained by the foliage. To illustrate this A*aspec, Waoulated values of the

__ ~~median diameter (c6,) for thq deposited fallout are aloo plotted as 'am fucon e9f
(v-i-IiiJguro 0.', Extrapolation the linea representation of the data for 4
of the foliage!-retained particles as atfuaction of *a to the curve for dj~otlIe
'deposited fallout gives a maximum value of about 57 Microns.

The various functional ropreuentatione oth liecnainton
factor contour ratio, as derived froth the data of Romney and coworliers", are
based on informAtion obtained from nuclear datonations of tower and balloon-
mounted devioes, However$ in the treatment of thatdanta the emphasis was
placed on the partlaulgr mathematical functions that could be used in making
estimates of internal hazard from fallout produced by land~~surfac'4 detonationx.
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'hmliMIpplia(Ikirlon R hould lia Vaii d fnp Iim fltOIiIIIIndalo of dot loittwflo mnv I 11 ho mu tio
phyN I (IIl lihil illfuilk tOumt h) Intvol ved1 I ~III In I partlollI letitio b0 y lolil gul Ii'roWmpoI u]VI
of thes mouram of the dapamiting partlotow, Meon anovu dniii baconc tvullabluo
the pi'opopodl ;ripropmntationx of thci proiomm&ou arnil lit alturpdl to hu olthor Moro
mpoulfla for dtfterant typsm of folitugm or otherwimu marci uompiloivtud clopuntdlol
on tho aobmrveci variationp in tha clata.
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